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(54) Electrophotographic photoconductor, process cartridge, image lorming apparatus and 
image forming method 



(57) An electrophotographic photoconductor, in- 
cluding an electrically conductive substrate, an under- 
coat layer containing a filler and a binder resin and pro- 
vided on the substrate, and a photoconductive layer pro- 
vided on the undercoat layer and containing a binder 
resin. At least one compound selected from crown 
ethers, polyall<yleneglycol ethers, polyethyleneglycol 
monocarboxylic acid esters, polyethyleneglycol dicar- 
boxylic acid esters, and hydroxy-temiinated random or 



block copolymers containing oxypropylene and oxyeth- 
ylene groups is Incorporated into (a) the undercoat layer 
or (b) into a charge generating layer of the photocon- 
ductive layer. In thecase of (a), the photoconductive lay- 
er is a dried coating of a composition containing at least 
one solvent selected from cyclic ethers, ketones and ar- 
omatic hydrocarbons. 
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Description 

[0001] This invention relates to an electrophotographic photoconductor for use in an image fonning machine such 
as a laser beam printer, a facsimile, a digital copying apparatus. The present invention is also directed to an image 
5 forming apparatus, to an Image forming method and to a process cartridge using the electrophotographic photocon- 
ductor. 

[0002] Conventionally, many organic electrophotographic photoconductors using an organic conductive material 
have been developed and mounted in a large number of copying machines and printers. With rapid digitization of 
electrophotography in recent years, a demand for an electrophotographic photoconductor having characteristics cor- 

10 responding to digitization is increasing. 

[0003] In recent digital copying machines and printers, a reverse developing system Is dominating. In a reverse 
development system, the charges on parts corresponding to black parts (colored parts) of a draft on the photoconductor 
are erased by exposure to light and a toner image is formed on the light-exposed parts, not on unexposed parts. When 
an electrophotographic photoconductor Is used in a reverse development system, toner adheres locally in non-image 

IS parts and causes Image defects such as blaclc spots and surface stain. This phenomenon is caused by local neutral- 
ization of the charges on the photoconductor surface due to charge infection from a conductive support or a tower layer. 
[0004] To prevent black spots and surface stain which take place at the time of reverse development, it is proposed 
to provide an undercoat layer for preventing charge Injection from the conductive support or a lower layer between the 
support and a photoconductlve layer (comprising a charge generating layer and a charge transporting layer). Such an 

20 undercoat layer needs to cause no adverse effects on the properties of the photoconductor even in repetitive use. 
However, with an undercoat layer made of a single resin material. It is difficult to realize this property. Also, in order to 
prevent charge Injection from the conductive support or a lower layer, the thicker the undercoat layer, the better. How- 
ever, it is very difficult to form a thick undercoat layer with a single resin material. Thus, a method in which conductive 
particles are dispersed in the resin for the undercoat layer is proposed, 

25 [0005] In the case of photoconductors for use in laser printers or the like in which an image is written with a coherent 
light such as a laser beam, it Is proposed to disperse a white filler having a high reflective index in the resin for the 
undercoat layer to prevent moire. 

[0006] Also, as a method for preventing black spots and surface stain which take place at the time of reverse devel- 
opment, it is proposed to increase the thickness of the photoconductlve layer to decrease the electric field applied to 

30 the photoconductor and not to allow charge injection from the conductive support or a lower layer. 

[0007] In conventional reverse development systems, a corona charging system is employed. However, repetition 
of electrophotographic process using a corona charging system increases ozone and impairs the safety in use. Thus, 
in recent years, contact charging systems are used. A contact charging system generates much less ozone than a 
corona discharging system and thus causes no problem of environmental safety. However, a contact charging system 

35 has a peculiar problem of discharge breakdown caused by directly applying a high voltage to a photoconductor. In 
reverse development, discharge breakdown causes large black spots. Also, when the photoconductor Is mounted in 
an Image fomning apparatus with a reverse development system, the absolute value of the potential of light-exposed 
parts Increases, resulting in a decrease in image density. 

[0008] To prevent discharge breakdown, it Is necessary to Increase the thickness of the undercoat layer to hide the 
40 defects on the conductive support surface such as flaws and uneven ness. It is also effective to Increase the thickness 
of the photoconductlve layer to decrease the electric field applied to the electrophotographic photoconductor. However, 
such an increase of the thickness causes non-uniformity in image density of solid or half tone images. 
[0009] As described previously, in the case of a photoconductor for use In a reverse development system, measures 
of Increasing the thickness of the undercoat layer or the photoconductlve layer are taken to prevent black spots and 
^5 surface stain due to repetitive use and discharge breakdown in contact charging. However, with an increase of the 
thickness of the undercoat layer, it has been found to be more difficult to uniformly disperse filler particles therein and, 
in practice, dispersion of the filler is apt to be non-unifomi. On the other hand, as the thickness of the photoconductlve 
layer Increases, it is necessary to increase the amount of a coating liquid for the photoconductlve layer applied onto 
the undercoat layer. In this case, the solvent of the coating liquid tends to penmeate the undercoat layer at locations 
so where the dispersion of the filler Is not unifonn, resulting In swelling of the undercoat layer. Since the swelled regions 
of the photoconductor have different photosensitivity, Image density variations occur in both solid Image and half tone 
image produced by reverse development. 

[0010] In the case of reverse development, the photoconductor is likely to have a decrease in sensitivity and an 
increase in residual potential during repetitive use. it has also been found that a solvent remaining in the photocon- 
S5 ductive layer Is one of the causes for a decrease of the image density during use. While an increase of the drying 
temperature and/or drying time for the formation of the photoconductlve layer may prevent the retention of the solvent, 
the heat during the drying adversely affects the characteristics of the photoconductor. 

[001 1 ] In accordance of first aspect of the present Invention, there Is provided an electrophotographic photoconduc- 
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tor, comprising: 

an eiectricaily conductive substrate, 
an undercoat layer provided on said substrate, and 
5 a photoconductive layer provided on said undercoat layer, 

wherein said undercoat layer comprising a binder resin, an Inorganic filler, and at least one compound selected 
from the group consisting of crown ethers, poiyalkyleneglycol ethers, polyethyleneglycol monocarboxyllc acid esters, 
poiyethyieneglycoi dicarboxyilc acid esters, and hydroxy-terminated random or block copolymers containing oxypro- 
10 pylene and oxyethylene groups, and 

wherein said photoconductive layer is a dried coating of a composition containing at least one solvent selected 
from the group consisting of cyclic ethers, ketones and aromatic hydrocarbons. 

[0012] The present invention also provides an image forming apparatus comprising the above photoconductor ac- 
cording to first aspect, a charging device for charging a surface of said photoconductor, an exposing device for exposing 

15 the charged surface to fomn an electrostatic latent image, a developing device for reverse-developing the latent image 
with a toner, and a transferring device for transferring the developed image to a transfer sheet. 
[0013] The present Invention further provides an image fonning process comprising exposing the photoconductor 
according to the first aspect with light to form an electrostatic latent Image thereon, reverse-developing said latent 
image with a toner, and transferring the developed image to a transfer sheet. 

20 [001 4] The present Invention further provides a process cartridge freely detachable from an image fomning apparatus, 
comprising the above photoconductor according to the first aspect, and at least one device selected from the group 
consisting of a charger, an image exposing device, a developing device, an image transfening device, and a cleaning 
device. 

[0015] The present invention further provides a method of producing a photoconductor, comprising: 

25 

fonning, on an electricaity conductive substrate, an undercoat layer comprising a binder resin, an inorganic filler, 
and at least one compound selected from the group consisting of crown ethers, polyaikyteneglycot ethers, poly- 
ethyleneglycol monocarisoxyiic acid esters, polyethyleneglycol dicarisoxylic acid esters, and hydroxy-temninated 
random or block copolymers containing oxypropylene and oxyethylene groups, 
30 applying to the undercoat layer a first coating liquid comprising a charge generating material and at least one 

solvent selected from the group consisting of cyclic ethers, ketones and aromatic hydrocariaons to form a charge 
generating layer, and 

applying to the charge generating layer a second coating liquid comprising a charge transporting material and at 
least one solvent selected from the group consisting of cyclic ethers, ketones and aromatic hydrocartaons to forni 

35 a charge transporting layer. 

[001 6] According to the second aspect of the present invention, there is provided an electrophotographic photocon- 
ductor, comprising: 

40 an electrically conductive substrate, 

an undercoat layer provided on said substrate and comprising a binder resin, and an Inorganic filler, 
a charge generating layer provided on said undercoat layer and comprising a charge generating material, a binder 
resin, and at least one compound selected from the group consisting of crown ethers, poiyalkyleneglycol ethers, 
polyethyleneglycol monocartaoxyiic acid esters, polyethyleneglycol dicarboxylic acid esters, and hydroxy-temiinat- 

45 ed random or block copolymers containing oxypropylene and oxyethylene groups, and 

a charge transporting layer provided on saldcharge generating layer and comprising a charge transporting material, 
and a binder resin. 

[0017] The present invention also provides an image forming apparatus comprising the photoconductor according 
so to the second aspect, a charging device for charging a surface of said photoconductor, an exposing device for exposing 

the charged surface to fomn an electrostatic latent Image, a developing device for reverse-developing the latent image 

with a toner, and a transferring device for transferring the developed Image to a transfer sheet. 

[0018] The present Invention further provides an image fonning process comprising exposing the photoconductor 

according to the second aspect with light to form an electrostatic latent image thereon, reverse-developing said latent 
ss image with a toner, and transferring the developed image to a transfer sheet. 

[0019] The present Invention will be described in more detail below with reference to the accompanying drawings, 

in which: 
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FIG. 1 is a view for explaining a tandem color innage fomning apparatus; 

FIG. 2 is a view for explaining a tandem color image fonning apparatus; 

FIG. 3 is a view for explaining a tandem indirect transfer type color image forming apparatus; 

FIG. 4 is a view for explaining Image fonning means; 

FIG. 5 is an enlarged view of an essential part of the Image fomning apparatus shown in FIG. 3; 
FIG. 6 is a view of a toner recycling unit; 
FIG. 7 is a view of a toner recycling unit; and 

FIG. 8 is a cross-sectional view schematically illustrating a process cartridge of the present invention. 

[0020] The first aspect of the present invention provides an electrophotographic photoconductor, which cpmprises 
(A) an electrically conductive substrate, (B) an undercoat layer provided on the substrate, and (C) a photoconductlve 
layer provided on the undercoat layer. These constituents (A)-(C) wilt be described In detail below. 



[0021] A conductive support for use In the present invention may be a metal support such as aluminum, nickel or 
stainless; a plastic support in which a conductive filler such as carbon powder is dispersed; or an insulating material 
(plastic, plastic film or the lil<e) on which a metal Is vapor deposited or a conductive paint is applied. 

Undercoat Layer (B) : 

[0022] The undercoat layer comprises a binder resin, an inorganic filler, and at least one swelling preventing com- 
pound selected from crown ethers, polyalkylenegiycol ethers, polyethylenegtycol monocarboxyiic acid esters, potyeth- 
yleneglycol dicarboxylic acid esters, and hydroxy-termtnated copolymers containing oxypropylene and oxyethylene 
groups. The copolymer may be a random copolymer or a block copolymer. The swelling preventing compound is pref- 
erably used in an amount of 0.1 -30 parts by weight per 1 00 parts by weight of the binder resin for reasons of effective 
swelling preventing properties without adversely affecting the desired characteristics of the photoconductor. 
[0023] The inorganic filler for use in the undercoat layer may be a filler generally used in this field, preferably a white 
or whitish filler having absorption in the visible and the near infrared in view of enhancement of the sensitivity of a 
resulting photoconductor. Specific examples of the filler include white fillers such as titanium oxide, zinc white, zinc 
sulfate, white lead and lithopone; and extenders such as aluminum oxide, silica, calcium carbonate, and barium sulfate. 
Above all, titanium oxide is preferred since it has a refractive Index which is larger than that of other white fillers, is 
stable both chemically and physically, and has high hiding power and whiteness. Both rutlle type titanium oxide and 
anatase type titanium oxide may be suitably used for the purpose of the present invention. Trtanium oxide treated with 
an inorganic oxide such as alumina or silica for improving the dispersibillty, weatherabllity and stability against dis- 
cloration is commercially available. Such a treated titanium oxide, however, tends to increase temperature and/or 
humidity dependency of the service life of the photoconductor. Therefore, the use of non-treated titanium oxide is 
desired for reasons of prevention of image defects during repeated image formation In various environments. 
[0024] The crown ether to be used in the undercoat layer preferably has 3 to 8 oxygen atoms in the ring thereof. 
Illustrative of suitable crown ethers are: benzo-9-crown-3 ether (fomriula C-1 below) 



Substrate (A) : 




(C-1) 



1 2-crown-4 ether (C-2) 




(C-2) 



1 8-crown-6 ether (C-3) 
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JO \ (C-3) 



dibenzo-18-crown-6 ether (C-4) 



10 



15 




(C-4) 



tribenzo-18-crown-6 ether (C-5) 



20 



25 



30 



35 




1 B-crown-6-furan (C-6) 



*o perhydrobenzo-1 8-crown-6 ether (C-7) 



45 



(C-5) 



(C-6) 



7) 



50 



tetraben20-24-crown-8 ether (C-8) 
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10 




(C-8) 



djbenzo-24-crown-8 ether (C-9) 



15 



20 




(C-9) 



dicyclohexano-24-crown-8 ether (C-1 0) 



25 



30 




(C-1 0) 



18-crown-6 ether (C-11) 



35 



40 



45 



so 



15-crown-5 ether (C-1 2) and 



(C-1 1 ) 



(C- 12) 



21-crown-7 ether (C-1 3) 



55 



Page 7 of 96 





EP1 324 139 A2 



5 




(C-1 3) 



[0025] The polyatkyleneglyco) etherto be used in the undercoat layer may include polyethylene glycol monoalkylether 
10 represented by the following formuia (I) and polypropylene glycol monoalkylether represented by the following formula 



wherein R represents a alkyi group having 1 to 30, preferably 1 -20, carbon atoms or a substituted or nonsubstituted 
aryl group, preferably an alkyl-substltuted phenyl group having 1 to 20 carbon atoms, n represents an average addition 
mole number, which is an integer at least one, preferabiy between 1 to 100. 

[0026] Such polyalkylene glycol ethers are conventionally known, and, various commercially available products can 
be used in the present invention. In the present invention, a polyalkyleneglycol monoalkylether having a molecular 
weight of 70 to 10000, preferably 200 to 5000, is preferably used. 

[0027] Specific examples of the compounds represented by the general fonnula (I) include but are not limited to 
Emulmine 40, 50, 60, 70, 110, 140, 180, IV)-20, 240, L-90-S-800-100 and L-380 made by Sanyo Chemical Industries, 
Ltd., Adeka Estoi OEG and SEG series made by Asahi Denka Co., Ltd., Noigen ET series, Noigen EA series and 
Emulsit L series made by Daiichi Kogyo Seiyaku Co., Ltd., Nonion E-206, E-210, E-230, P-208, P-210, P-213, S-207, 
S-215, S-220, K-204, K-215, K-220, K-230 and T-2085, Persoft NK-60 and NK-100, Nonion NS series and HS series. 
Uniox l\/l-400, M-550, M-200 and C-2300 made by NOP Corporation, Nonipole 20, 30, 40, 55, 60. 70, 85, 90, 95, 100, 
110, 120, 130, 140, 160, 200, 290, 300, 400, 450, 500, 700, 800 and D160, Octapole 45, 50, 60, 80, 100. 200, 300 
and 400, and Dodecapole 61 , 90, 120 and 200 made by Sanyo Chemical Industries, Ltd. 

[0028] Specific examples of the compounds represented by the general formula (II) include but are not limited to 
Newpole LB-65, Newpole L285, Newpole LB385, Newpole LB625, Newpole L1145, Newpoie LB1715, Newpole 
LB3000, Newpole LB300X, Newpole LB400XY, Newpole LB650X, and Newpole L11800X made by Sanyo Chemical 
Industries, Ltd. 

[0029] The polyethyleneglycol monocarboxyiic acid ester usable in the undercoat layer may be a commercially avail- 
able product such as lonet MS-400, MS-1000, MO-200. MO-400 and MO-600, and Santopal TE-106 made by Sanyo 
Chemical Industries, Ltd., Noigen ES series made by Daiichi Kogyo Seiyaku Co., Ltd., Nonion L series, Nonion O 
series, and Nonion T series made by NOP Corporation. 

[0030] The polyethyleneglycol dicarboxylic acid ester usable in the undercoat layer may be a commercially available 
product such as lonet DL-200, DS-300, DS-400, DO-200, DO-400, DO-600 and DO-1000, and Santopeart GE-70 made 
by Sanyo Chemical Industries, Ltd., Nonion DS-60HN (distearate) made by NOP Corporation. 
[0031] The hydroxy-terminated copolymer containing oxypropylene and oxyethylene groups, which is usable in the 
undercoat layer, may be a random or block copolymer having a molecular weight of 500 to 100,000, preferably 2,000 
to 50,000, an average oxyethylene group addition mole number of 1 to 1 ,000, preferably 1 to 600, and an average 
oxypropylene group addition mole number of 1 to 2,000, preferably 1 to 1,000. Specific examples of the random or 
block copolymer product include but are not limited to Newpole PE-61, PE-62, PE-64, PE-68, PE-71, PE-74, PE-75, 
PE-78, PE-85, PE-88, PE-108 and PE-2700, and Newpole 75H-90000 made by Sanyo Chemical Industries, Ltd., 
Pulronic L series, P series and F series made by Asahi Denka Co., Ltd., Epan series made by Daiichi Kogyo Seiyaku 
Co., Ltd., and Pronon 102, 104, 105, 201 , 204, and 208 made by NOP Corporation. 

[0032] The binder resin of the undercoat layer may be any suitable resin customarily used in this field. Specific 
examples of the binder resin include water-soluble resins such as polyvinyl alcohol, casein and sodium polyacrylate; 
alcohol-soluble resins such as nylon copolymers, and methoxymethylated nylons; and curable resins having a three- 
dimensional network stmcture such as polyurethane resins, melamine resins, and epoxy resins. 
[0033] A coating liquid for forming the undercoat layer may be obtained by dispersing the binder resin dissolved in 
a solvent together with an inorganic filler using a ball mill, sand mill, attritor orthe like. The swelling preventing compound 



(II): 



R-0-(CH2CH20)„-H 



15 



R-0-(CH2CH2CH20)n-H 



(II) 
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may be dissolved in the thus obtained dispersion or nriay be dispersed together with the inorganic filler The undercoat 
layer is formed by applying the thus obtained dispersion on a conductive support by a coating method such as blade 
coating, knife coating, spray coating, and dip coating, and drying the dispersion. The weight ratio of the binder resin 
to the inorganic filler is preferably In the range of 1/15 to 2/1 . 
5 [0034] The thickness of the undercoat layer is preferably in the range of 0.5 to 20.0 nm. The thicker the undercoat 
layer, the better to produce a highly durable photoconductor which is not likely to cause a background stain even when 
repeatedly used. Thus, the undercoat layer preferably has a thickness of at least 5.0 jim. When a contact charging 
device is used as charging means, the undercoat layer also preferably has a thickness of at least 5.0 for reasons 
of prevention of discharge breakdown. 

10 

Photoconductive Layer (C): 

[0035] The photoconductive layer provided on the above undercoat layer may be a single layer or a laminate of two 
or more layers. In either case. It is Important that the layer or layers constituting the photoconductive layer should be 
IS a dried coating of a composition containing at least one solvent selected from cyclic ethers, ketones and aromatic 
hydrocarbons. 

[0036] The photoconductive layer preferably has a thickness of at least 28 ^m for reasons of prevention of image 
defects due to repetitive use. With repetitive use, an electrophotographic photoconductor is subjected to abrasion by 
contacting members and the thickness of the photoconductive layer thereof is decreased. As a result, the intensity of 

20 electric field applied to the photoconductor increases and image defects such as background stains occur due to charge 
Injection from the conductive support. Thus, a photoconductor having a thick photoconductive layer can continue to 
produce high-quality images even when repeatedly used. The tenm "thickness of the photoconductive layer" as used 
herein is intended to mean a total thickness of the layer or layers constituting the photoconductive layer. Thus, when 
the photoconductive layer is composed of a single layer, then the thickness of the single layer represents the thickness 

25 of the photoconductive layer. When the photoconductive layer is composed of, for example, two layers including a 
charge generating layer and a charge transporting layer, then a total thickness of the charge generating and transporting 
layers represents the thickness of the photoconductive layer. 

[0037] Even when the above-described swelling preventing compound is incorporated Into the undercoat layer, local 
swelling of the undercoat layer occurs when the photoconductive layer is formed thereon by applying a coating liquid 

30 containing a halogen-containing solvent such as dichloromethane. Therefore, it is unable to increase the thickness of 
the photoconductive layer and, hence, the resulting photoconductor Is apt to cause background stains upon repeated 
use. When the solvent selected from cyclic ethers, ketones and aromatic hydrocarbons is used for the fomiation of the 
photoconductive layer, on the other hand, no such local swelling of the undercoat layer is caused so that the photo- 
conductor obtained can fonn high quality images without non-unifomntty in Image density In solid or halftone Images. 

35 Further, since the photoconductive layer can be as thick as 28 p.m or more, the photoconductor can show excellent 
durability or service life while preventing the fonnation of Image defects such as background stains. 
[0038] Examples of the cyclic ether solvent include tetrahydrofuran, 1 ,3-dioxorane and 1,4-dioxane. Examples of 
the ketone solvent include methyl ethyl ketone, acetone and cyclohexanone. Examples of the aromatic hydrocarbon 
solvent include toluene, xylene and benzene. 

40 [0039] It Is preferred that the photoconductive layer contain at least one phenol compound and at least one organic 
sulfur compound for reasons of prevention of occurrence of image defects. When the solvent selected from cyclic 
ethers, ketones and aromatic hydrocarbons remains unremoved in the photoconductive layer of the photoconductor 
product, an increase of the residual potential in the photoconductor may be caused upon repeated use. in parttoular, 
when the thickness of the photoconductive layer Is as large as 28 ^m or more and when the image fonnation is carried 

^5 out by using a reverse-development system, a reduction of the Image density is apt to be caused. By Incorporating the 
phenol compound and organic sulfur compound in combination into the photoconductive layer, the photoconductor 
can exhibit stable electrostatic characteristics without an increase of residual potential, even when repeatedly used for 
a long period of service under various conditions. 

[0040] Any phenol compound including sterically hindered phenol compound may be suitably used for the purpose 
so of the present invention. Specific examples of the phenol compound include 2,6-dl-tert-butylphenol, 2,6-dl-tertbutyl- 
4-methoxyphenol, 2,6-di-tert-butyl-4-methylphenoI. 2-tert-buty[-4-methoxyphenol, 2,4-dimethyl-6-tertbutylphenol, 
2-tert-butylphenol, 3,6-di-tert-butylphenol, 2,4-di-tert-butylphenol, 2,6-di-tert-butyl-4-ethylphenol. 2-tert-butyl- 
4,6-dimethylphenol, 2,4,6-tri-tertbutylphenol, 2,6-di-tert-butyl-4-stearylpropionatophenol, a-tocophenol, p-tocophenol, 
7-tocophenol, 6-tocophenol, naphthol AS, naphthol AS-D, naphthol AS-BO, 4,4'methylenebis(2,6-di-tert-butylphenoI), 
55 2,2'methylenebis(4-methyl-6-tert-butylphenol), 2,2'methylenebis(4-ethyl-6-tert-butylphenoi), 2,2'ethylenebls(4,6-di- 
tert-butylphenol), 2,2'-propylenebls(4,6-di-tert-butylphenol), 2,2'-butenebis(4,6-di-tert-butylphenol), 2.2*-ethylenebis 
(6-tert-butyl-mcresol), 4,4*-butenebis(6-tert-butyl-m-cresol), 2,2'-butenebis(6-tert-butyl-p-cresol), 2,2'-thiobls(6-tert- 
butylphenol), 4.4*-thiobis(6-tert-butyl-m-cresol), 4,4'-thiobls(6-tert-butyl-o-cresol), 2,2'-thiobis(4-methyi-6-tert-butyl- 
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phenol), 1 ,3,5-trimethyl-2,4,6-tris(3,5-di-tertbutyl-4-hydroxyben2yl)benzene, 1 ,3,5-trlmethyl-2,4,6-tris{3,5-di-tert-amyl- 

4- hydroxybenzyl)benzene. 1,3.5-trimethyl-2,4,6-trjs(3-tert-butyl-5-methyl-4-hydroxybenzyl)benzene, 2-tert-butyl- 

5- methylphenylaminophenol and 4,4'-bisamino(2-tert-butyl-5-methylphenol). 

[0041] Any organic sulfur compound may be suitably used together with the above phenol compound. Specific ex- 
5 amples of the organic sulfur compounds include dilauryt thiodipropionate, dimyrlstyl thiodiproplonate, tauryl stearyl 
thiodipropionate, distearyl thiodipropionate, dimethyl thiodipropionate, 2-mercaptobenzimida2ole, phenothlazlne, oc- 
tadecyl thioglycolate, butyl thioglycolate and octyl thioglycoloate and thiocresol. 

[0042] It is important that the phenol compound should be used In conjunction with the organic sulfur compound, 
since otherwise the effect of prevention of an increase of the residual potential in the photoconductor upon repeated 
10 use is not sufficient. The organic sulfur compound is generally used in an amount of 0.01 to 100 parts by weight, 
preferably 0. 1 to 1 0 parts by weight, per part by weight of the phenol compound. The phenol compound and the organic 
sulfur compound may be dissolved in the solvent of the coating liquid for the formation of the photoconductive layer 
[0043] Next, description will be made of the photoconductive layer composed of a charge generating layer and a 
charge transporting layer. 

15 [0044] The charge generating layer includes a charge generating material and a binder resin. As the charge gener- 
ating material, an inorganic or organic material such as amonoazo pigment, disazo pigment, trisazo pigment, perylene 
pigment, perinone pigment, quinacridone pigment, quinone condensation polycyclic compound, squaraines, phthalo- 
cyanine pigment, naphthalocyanine pigment, azulenlum salt dye, selenium, selenium-tellurium, selenium-arsenic com- 
pound, or amorphous silicon is used. The charge generating materials are used alone or in combination. 

20 [0045] As the binder resin for use in the charge generating layer, any binder resin used in this field can be used. 
Specific examples of the binder resin Include resins soluble in the above solvent such as polyurethane, polyester, 
epoxy resins, polycarbonate, acrylic resins, polyvinyl butyral, polyvinyl formal, polystyrene and polyacrylamide. 
[0046] A coating liquid for forming the charge generating layer can be prepared by first dissolving the binder resin 
in the above solvent and by dispersing a charge generating material in the solution using a ball mill, roll mill sand mill, 

25 attritor or the like mixer. Alternatively, the binder resin may be added together with the charge generating material to 
the solvent. The mixture Is then dispersed using a mill. 

[0047] The charge generating layer coating liquid can be applied to the undercoat layer previously formed on the 
conductive substrate by dip coating, spray coating, bead coating or the like. The thickness of the charge generating 
layer is generally 0.01 to 5 ^im, preferably 0.1 to 2 ^m. 
30 [0048] The charge transporting layer includes a binder resin and a charge transporting material and may be fomned 
by dissolving or dispersing the charge transporting material and the binder resin in the above solvent, and by applying 
the solution or dispersion on the charge generating layer, followed by drying. 

[0049] Charge transporting materials include positive hole transporting materials and electron transporting materials. 
Specific examples of the electron transporting materials include electron accepting materials such as chloranyl, brom- 
35 anyl, tetracyanoethylene, tetracyanoquinodimethane, 2,4,7-trinitro-9-fluorenone, 2,4,5,7-tetranitro-9-fluorenone, 
2,4,5,7-tetranitroxanthone, 2,4,8-trinitrothioxanthone, 2,6,8-trinitro-4H-indeno[1,2-b]thiophen-4-one, and 1,3,7-trlni- 
trodibenzothiophene-5,5-dioxlde and benzoquinone derivatives. 

[0050] Specific examples of the positive hole transporting materials include poly-N-vinylcarbazole and its derivatives, 
poly-Y-carbazolylethylglutamate and its derivatives, condensation products of pyrene and formaldehyde and their de- 

40 rivatives, polyvinyl pyrene, polyvinyl phenanthrene, polysilane, oxazole derivatives, oxadiazole derivatives, imidazole 
derivatives, monoarylamine derivatives, diarylamine derivatives, triarylamine derivatives, stilbene derivatives, a-phe- 
nylstilbene derivatives, benzidine derivatives, diarylmethane derivatives, triaryl methane derivatives, 9-styryianthra- 
cene derivatives, pyrazoline derivatives, divinyl benzene derivatives, hydrazine derivatives, indene derivatives, buta- 
diene derivatives, pyrene derivatives, bisstllbene derivatives, enamine derivatives and polymerized positive hole trans- 

^5 porting materials. 

[0051] As the binder resin for use In the charge transporting layer, thermoplastic resins such as polystyrene, styrene- 
acryionitrile copolymers, styrene-butadiene copolymers, styrene-maleic anhydride copolymers, polyester, polyvinyl 
chloride, vinyl chloride-vinyl acetate copolymers, polyvinyl acetate, polyvinylidene chloride, polyarylate, phenoxy res- 
ins, polycarisonate, cellulose acetate resins, ethyl cellulose resins, polyvinyl butyral, polyvinyl formal, polyvinyl toluene, 
so poly-N-vinylcarbazole, acrylic resins, silicone resins, epoxy resins, melamlne resins, urethane resins, phenolic resins, 
alkyd resins and polycarbonate copolymers disclosed in Japanese Laid-Open Patent Publication No, H05-1 58250 and 
Japanese Laid-Open Patent Publication No. H06-051544 and thermosetting resins. 

[0052] The amount of the charge transporting material is 20 to 300 parts by weight, preferably 40 to 150 parts by 
weight, per 1 00 parts by weight of the binder resin. 
55 [0053] The phenol compound and the organic sulfur compound may be incorporated into one or both of the charge 
generating and transporting layers and may be dissolved, before, during or after the formation of the coating liquid 
therefor, in the solvent of the coating liquid. 

[0054] The photoconductive layer of a single layer structure may be formed by applying a coating liquid containing 
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the charge generating layer, charge controlling layer, binder resin and, if desired, the phenol compound and the organic 
sulfur compound, which are dissolved and/or dispersed in the above solvent. 

[0055] A total amount of the phenol compound and the organic sulfur compound is generally 0.05 to 20 % by weight 
based on the weight of the charge generating material and/or charge transporting material. 
5 [0056) In the present invention, the photoconductlve layer may contain one or more various additives such as a 
leveling agent, an antioxidant and a plasticizer. Specific examples of the leveling agent include silicone oils such as 
dimethyl silicone oil and methyl phenyl silicone oil, and polymers or oligomers having a perfluoroalkyi group in their 
side chains. The amount of the leveling agent is preferably 0 to 1 part by weight per 100 parts by weight of the binder 
resin. 

10 [0057] The second aspect of the present invention provides an electrophotographic photoconductor, which comprises 
(A') an electrically conductive substrate, (B') an undercoat layer provided on the substrate, (C1) a charge generating 
layer provided on the undercoat layer, and (C2) a charge transporting layer provided on said charge generating layer. 
These constituents (A'), (B*), (CI) and (C2) will be described in detail below. 

15 Substrate (A') : 

[0058] The substrate (A') may be the same as the substrate (A) described above. 
Undercoat Layer (B') : 



[0059] The undercoat layer comprises a binder resin and an inorganic filler 

[0060] The inorganic filler and the binder resin for use in the undercoat layer (B') may be the same as those used in 
the above-described undercoat layer (B). A coating liquid for fomiing the undercoat layer may be obtained by dispersing 
a binder resin dissolved in a solvent together with an inorganic filler using a ball mill, sand mill, attritor or the like. The 
25 undercoat layer is formed by applying the thus obtained dispersion on a conductive support by a coating method such 
as blade coating, knife coating, spray coating, and dip coating, and drying the dispersion. The ratio of the binder resin 
to the inorganic filler is preferably in the range of 1/15 to 2/1 . 

[0061] The thickness of the undercoat layer is preferably in the range of 0.5 to 20.0 jim. The thicker the undercoat 
layer, the better to produce a highly durable photoconductor which is not likely to cause a background stain even when 
30 repeatedly used. Thus, the undercoat layer preferably has a thickness of at least 5.0 |im. When a contact charging 
device is used as charging means, the undercoat layer also preferably has a thickness of at least 5.0 p.m for reasons 
of prevention of discharge breakdown. 

Charge Generating Layer (CI): 



[0062] The charge generating layer is formed on the inorganic filler-dispersed undercoat layer and a charge trans- 
porting layer is fomned on the charge generating layer. 

[0063] A charge generating layer comprises a charge generating material, a binder resin, and at least one compound 
selected from crown ethers, polyalkyleneglycol ethers, polyethyleneglycol monocartDoxylic acid esters, polyethyleneg- 
40 lycol dicarboxylic acid esters, and hydroxy-tenninated random or block copolymers containing oxypropylene and ox- 
yethylene groups. The charge generating materials described above in connection with the photoconductlve layer (C) 
of the first aspect of the invention may be suitably used. 

[0064] As the binder resin for use in the charge generating layer (C1), those resins described above in connection 
with the photoconductlve layer (C) of the first aspect of the invention may be suitably used. 
45 [0065] As the crown ether, polyalkyleneglycol ethers, polyethyleneglycol monocartsoxylic acid esters, polyethyleneg- 
lycol dicarboxylic acid esters, and hydroxy-terminated random or block copolymers containing oxypropylene and ox- 
yethylene groups used In the charge generating layer (CI), those compounds described above in connection with the 
undercoat layer (B) of the first aspect of the invention may be suitably used. 

[0066] The amount of the compound or compounds selected from crown ethers, polyalkyleneglycol ethers, polyeth- 
50 yieneglycol monocarisoxylic acid esters, polyethyleneglycol dk:arboxylic acid esters, and hydroxy-temriinated random 
or block copolymers containing oxypropylene and oxyethylene groups and incorporated into the charge generating 
layer (CI) is at least 0.1 part by weight per 100 part by weight of the binder resin used in the charge generating layer. 
When the amount is less than 0,1 parts by weight, the effect of preventing sensitivity deterioration of the resulting 
photoconductor or an increase of residual voltage on the resulting photoconductor due to repetitive use cannot be 
55 obtained. Especially, when the photoconductor is used in a reverse development system, image density largely fluc- 
tuates during repetitive use. 

[0067] The application of the charge generating layer coating liquid can be by dip coating, spray coating, bead coating 
or the like. The thickness of the charge generating layer is generally 0.01 to 5 ^m, preferably 0.1 to 2 \xjm. 
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Charge Transporting Layer (C2) : 

[0068] The charge transporting layer comprises a charge transporting material and a binder resin and preferably has 
a thickness of at least 28 to prevent image defects such as surface stains due to repetitive use. 

5 [0069] With repetitive use, an electrophotographic photoconductor Is subjected to abrasion by contacting members 
and the thickness of the photoconductive layer thereof Is decreased. As a result, the intensity of electric field applied 
to the photoconductor increases and image defects such as surface stains occur due to charge injection from the 
conductive support. Thus, a photoconductor having a thick photoconductive layer can continue to produce high-quality 
images even when repeatedly used. 

10 [0070] The charge transporting layer is formed by dissolving or dispersing a charge transporting material and a binder 
resin in a solvent such as a cyclic ether organic solvent, ketone organic solvent or aromatic organic solvent, applying 
the solution or dispersion on the charge generating layer and drying the solution or dispersion. 
[0071 ] Specific examples of the charge generating and transporting materials are the same as those described above 
with reference to the photoconductive layer (C) of the first aspect of the present invention. 

IS [0072] As a binder resin for use in the charge transporting layer (C2), those resins described above with reference 
to the photoconductive layer (C) of the first aspect of the present invention may be mentioned. 
[0073] The amount of the charge transporting material Is 20 to 300 parts by weight, preferably 40 to 150 parts by 
weight, per 100 parts by weight of the binder resin. 

[0074] In the present invention, the charge transporting layer may contain a leveling agent and an antioxidant. Specific 
20 examples of the leveling agent include silicone oils such as dimethyl silicone oil and methyl phenyl silicone oil, and 
polymers or oligomers having a perfluoroalkyi group in their side chain. The amount of the leveling agent is preferably 
0 to 1 part by weight per 1 00 parts by weight of the binder resin. Specific examples of the antioxidant include hindered 
phenol compounds, sulfur compounds, phosphorus compounds, hindered amine compounds, pyridine derivatives, 
piperidine derivatives, and morpholine derivatives. The amount of the antioxidant is preferably 0 to 5 parts by weight 
25 per 1 00 parts of the binder resin. 

[0075] Description will be next made of an image fomiing apparatus and an Image fomnlng method according to the 
present invention. 

[0076] The Image forming apparatus of the present invention comprises at least charging means, image exposure 
means, reverse developing means, transfer means and an electrophotographic photoconductor. The charging means 
30 charges the peripheral surface of the rotary drum-shaped electrophotographic photoconductor to a predetermined 
positive or negative potential. A positive or negative DC voltage is applied to the charging means. The DC voltage 
applied to the charging means Is preferably In the range of -2000 V to 2000 V. 

[0077] Recently, apparatuses employing contact charging In place of conventional corona charging have been put 
into practical use. This method has advantages of being able to simplify an apparatus and generating less ozone than 

35 corona charging does. 

[0078] Contact charging means is disposed in contact with the surface of a photoconductor, and applies a voltage 
from outside to the photoconductor directly and uniformly to charge it to a predetermined potential. The contact charging 
means made of a metal such as aluminum, iron or copper; a conductive polymer material such as polyacetylene, 
polypyrrole or polythlophene; a rubber or synthetic fabric conductlvely treated with a dispersion of conductive particles 
40 such as particles of carbon black or a metal in an insulating resin such as polycarbonate or polyethylene; or an Insulating 
resin coated with a conductive material can be used. The contact charging means may be in the form of a roller, brush, 
blade or belt. 

[0079] The voltage applied to the contact charging means may be either AC, DC, or AC + DC. The voltage may be 
applied in an instant or increased stepwise. 

45 [0080] The charged photoconductor Is subjected to light Image exposure (slit exposure or laser beam scanning 
exposure) by the image exposure means. At the time of the exposure scanning, parts on the photoconductor corre- 
sponding to non-Image parts on the original surface are not subjected to exposure, and a developing bias with a 
potential which is slightly lower than the surface potential is applied to parts corresponding to image parts, a potential 
on which has been reduced by the exposure, to conduct reverse development. Thereby, a latent Image corresponding 

50 to the original including the non-Image parts is sequentially formed. 

[0081 ] The latent image is developed with toner by the reverse developing means, and the toner Image is sequentially 
transferred onto a recording material supplied between the photoconductor and the transfer means In synchronization 
with the rotation of the photoconductor by transfer charging means. The recording material onto which the toner image 
has been transferred is separated from the surface of the photoconductor and introduced into image fixing means, 

55 where the Image is fixed to the recording material. Then the recording material Is discharged to the outside of the 
apparatus as a duplication (copy). 

[0082] The density of an image produced by an image forming apparatus (electrophotographic apparatus) with a 
reverse developing means Is largely dependent upon the sensitivity and the residual potential of the photoconductor 
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mounted therein. Thus, with an image forming apparatus mounting a photoconductor whose sensitivity and residual 
potential largely fluctuate due to repetitive use, the Image density Is varied during use. 

[0083] In the Image fonning apparatus of the present Invention, however, the sensitivity and residual potential of the 
photoconductor mounted therein is not varied even during repetitive use. As a result, the potential of the light-exposed 
5 part do not vary with time, and high quality images with unifonn density can be provided. 

[0084] In a contact charging system, discharge breakdown is likely to occur in the photoconductor, resulting in image 
defects of large black spots in images. 

[0085] In the photoconductor of the present invention, however, even when the thickness of the inorganic filler- 
dispersed undercoat layer and/or the charge transporting layer Is increased, the sensitivity and residual potential are 

10 not varied during repetitive use. As a result, even when the photoconductor is mounted in an image forming apparatus 
with contact charging means, discharge breakdown does not occur and the image density does not varied with time 
during repetitive use. Thus, the image forming apparatus can continue to produce unifonm and high-quality images. 
[0086] Description will be next made of the image fonning method of the present invention. The image fonming method 
of the present Invention is one in which an electrophotographic photoconductor is repeatedly subjected to at least 

IS charging, Image exposure, development and transfer charging, image exposure, development and transfer. As the 
development means, reverse development means is employed. 

[0087] The density of an image produced by a reverse developing process is largely dependent upon the exposure 
potential, which is largely dependent on the sensitivity and the residual potential of the photoconductor mounted In the 
apparatus. Thus, in a reverse development process using a photoconductor whose sensitivity and residual potential 
20 largely fluctuate due to repetitive use, the Image density Is varied since the exposure potential varies with time. In the 
Image fonning method of the present Invention, however, the sensitivity and residual potential of the photoconductor 
do not vary even during repetitive use, so that the exposure potential does not vary with time. Thus, high quality images 
with unifonn density can be constantly provided. 

[0088] Moreover, in a reverse development process, when the difference between the dark part potential and the 
25 light part potential is large, a sufficient margin for potential fluctuation due to environmental fluctuation or the like can 
be secured and a good Image can be produced. One of the methods for this is to increase the charge potential of the 
photoconductor. However, the higher the charge potential on the photoconductor surface is, the higher the Incidence 
of discharge breakdown Is. With the method of the present invention, however, even when the thicknesses of the 
inorganic filler-dispersed undercoat layer and the charge transporting layer are Increased, the sensitivity and residual 
30 potential of the electrophotographic photoconductor are not varied. Thus, even when a charge potential of 600 V or 
higher In an absolute value Is charged, the photoconductor can constantly produce high-quality Images without any 
problem even when repeatedly used. 

[0089] Namely, in an Image fonning method in which an electrostatic latent image having a dark part potential of 600 
V or higher in an absolute value Is formed on the photoconductor surface and the fomried electrostatic latent Image is 
35 developed by reverse development, high-quality images can be constantly produced. 

[0090] Description will be next made of a color image forming apparatus of the present invention. 
[0091] FIG. 1 and FIG. 2 illustrate a tandem color image fomning apparatus. 

[0092] Color electrophotographic apparatuses are divided into a single drum type apparatuses and tandem type 
apparatuses. A single drum type apparatus has a plurality of developing units for different colors around a photocon- 
40 ductor. The developing units supply toners on the photoconductor to form a synthetic toner image thereon, and the 
toner image is transferred onto a sheet to record a color image thereon. A tandem type apparatus has a plurality of 
photoconductors which are arranged in a row and each of which is provided with a developing unit. A single color toner 
Image in fonned on each photoconductor, and the single color Images are sequentially transferred onto a sheet to 
record a color Image thereon. 

45 [0093] Single drum type apparatuses have only one photoconductor and thus can be relatively reduced in size and 
cost. However, since a full color Image is formed by repeating a plurality of times (generally four times) of image 
formation with one photoconductor, it is difficult to Increase the image formation speed. Tandem types apparatuses 
have disadvantage of being large in size and cost, but the image fonmatlon speed can be easily Increased. 
[0094] In recent years, a speed comparable to monochrome copying machines is required for full color copying 

50 machines, and tandem type apparatuses draw attention. However, In a tandem type apparatus, due to Its constitution 
in which a full color image is fonned with a plurality of photoconductors, when the sensitivities and residual potentials 
of the photoconductors are varied due to repetitive use, the produced images have density non-uniformity, resulting in 
change in the color tone with time. Therefore, the photoconductor of the present invention, which has no deterioration 
of sensitivity and increase in residual potential and on which the potential of the light-exposed part is not varied with 

S5 time, can be preferably used in a tandem type Image fonning apparatus. 

[0095] Tandem type image forming apparatuses are divided into direct transfer type apparatuses and indirect transfer 
type apparatuses. In a direct transfer type apparatus, images on photoconductors 1 are sequentially transferred onto 
a sheet s transported by a sheet can7ing belt 3 by transfer units 2 as shown in FIG. 2. In an indirect transfer type 
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apparatus, images on photoconductors 1 are once transferred onto an intennediate transfer nnember 4 sequentially 
by primary transfer units 2 and the images superimposed on the intermediate transfer member 4 is transferred by one 
operation onto a sheet s by a secondary transfer unit 5 as shown in FIG. 1 . The transfer unit 5 herein is a transfer 
carrying belt, but may be a roller. 
5 [0096] Direct transfer type apparatuses, in which a paper supply unit 6 and a fixing unit 7 must be disposed upstream 
and downstreann, respectively, of a tandem image fomiing unit T comprising the photoconductors arranged in a row, 
are unavoidably large in the sheet transporting direction. 

[0097] In indirect transfer type apparatuses, there is no strict limitation on the position of the secondary transfer unit. 
For example, a paper supply unit 6 and a fixing unit 7 may be disposed on a tandem Image fonning unit T Thus, the 

10 apparatuses can be downsized. 

[0098] In order to prevent a direct transfer type apparatus from becoming large in the sheet transporting direction, 
the fixing unit 7 is disposed in the vicinity of the tandem image fonning unit T. In this case, the fixing unit 7 cannot be 
disposed with a sufficient space in which a sheet s can be flexed, so that the image fonnation perfonned upstream of 
the fixing unit 7 may adversely affected by an impact generated when a tip of the sheet s enters the fixing unit 7 (which 

15 is large in particular when the sheet is thick) or the difference between the speed of a sheet s through the fixing unit 7 
and the speed at which the transfer carrying belt cames the sheet. 

[0099] On the contrary, in an indirect transfer type apparatus, the fixing unit 7 can be disposed with a sufficient space 
in which a sheet s can be flexed, so that the effects of the fixing unit 7 on image fomnation can be prevented. 
[0100] For the reasons as above, indirect type apparatuses among tandem eiectrophotographic apparatuses draw 

20 attention in recent years. 

[0101] In this type of electrophotographic apparatus, toner left on the photoconductors 1 after the primary transfer 
is removed by photoconductor cleaning units 8 for cleaning the surfaces of the photoconductors 1 for the next image 
formation. Toner left on the intermediate transfer member 4 after the secondary transfer is removed by an intemiediate 
transfer member cleaning unit 9 for cleaning the surface of the intemnediate transfer member 4 for the next image 

25 forming. 

[0102] FiG. 3 illustrates a tandem indirect transfer type color image forming apparatus. In FiG. 3, designated as 1 00 
is a copying machine main body, as 200 Is a sheet supply table on which the copying machine main body 100 is 
mounted, as 300 is a scanner mounted on the copying machine main body 100, as 400 is an automatic draft feeder 
(ADF) mounted on the scanner 300. 

30 [0103] The copying machine main body 1 GO has an endless belt type intemnediate transfer member 10 in a center 
part thereof. As shown in FIG. 3, the Intemiediate transfer member 10 is trained over first, second and third support 
rollers 14,15 and 1 6 so as to be able to rotationally transport a sheet in a ciockwise direction as seen in FIG. 3. in the 
illustrated example, an intemnediate transfer member cleaning unit 1 7 is provided on the left side of the second support 
roller 1 5 for removing residual toner left on the intermediate transfer member 10 after transfer of an image. 

35 [0104] Above a part of the intenmediate transfer member 1 0 extending between the support rollers 1 4 and 15, four 
image fomning means 18 for forming black, yellow, magenta and cyan images, respectively, are disposed in a row 
along the transporting direction of the intermediate transfer member 1 0, thereby constituting a tandem image fomning 
unit 20. Above the tandem image forming unit 20 is provided an exposure unit 21 as shown in FIG. 3. 
[0105] On the other side of the tandem image fonning unit 20 with respect to the intemnediate transfer member 1 0 

40 Is disposed a secondary transfer unit 22 for transferring an image on the intermediate transfer member 1 0 onto a sheet. 
The secondary transfer unit 22 comprises two rollers 23 and an endless secondary transfer belt 24 trained between 
the rollers 23 and disposed in pressure contact with the third support roller 18 with the intermediate transfer member 
10 interposed therebetween. 

[01 06] A fixing unit 25 for fixing an image transferred onto a sheet is disposed on one side of the secondary transfer 
45 unit 22. The fixing unit 25 comprises an endless fixing belt 26 and a pressure roller 27 disposed in pressure contact 
with the fixing belt 26. 

[0107] The secondary transfer unit 22 also has a function of transporting a sheet on which an image has been 
transferred to the fixing unit 25. As the secondary transfer unit 22, a transfer roller or non-contact charger may be 
provided. In such a case, it is difficult for the secondary transfer unit 22 to have the sheet transporting function. 

so [01 08] In the illustrated example, a sheet reversing unit 28 for reversing a sheet for double*sided copying is disposed 
below the secondary transfer unit 22 and the fixing unit 25 and in parallel to the tandem image forming unit 20. 
[0109] When a copy is produced with the color image forming apparatus, a draft is placed on a draft table 30 of the 
automatic draft feeder 400, or the automatic draft feeder 400 is opened and a draft is placed on a contact glass 32 of 
the scanner 300 and the automatic draft feeder 400 is closed to hold the draft therewith. 

55 [01 10] When a start switch (not shown) is pressed, the scanner 300 is actuated to drive a first running body 33 and 
a second running body 34 after the draft has been transferred onto the contact glass 32 in the case where the draft 
was placed on the automatic draft feeder 400, or immediately in the case where the draft is placed on a contact glass 
32. The first running body 33 emits light from a light source thereof to the draft surface. Light reflected on the draft 
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surface is reflected by the first running body 33 to the second running body 34, reflected on a mirror thereof and inputted 
into a read sensor 36 through an innage fonming lens 35, whereby the draft is read, 

[0111] When the start switch (not shown) is pressed, one of the rollers 14, 15 and 16 Is rotated by a driving motor 
(not shown). Thereby, the other two rollers are driven to rotate the Intermediate transfer member 1 0. At the same time, 
5 photoconductors 40 of the image fonning means 1 8 are rotated and single color images, namely, black, yellow, magenta 
and cyan images are formed on each of the photoconductors 40. Along with the rotation of the Intermediate transfer 
member 10, the single color Images are sequentially transferred thereonto and superimposed thereon to form a color 
image. 

[01 1 2] At the same time, one of sheet supply rollers 42 In the sheet supply table 200 Is selected and driven to feed 

10 out sheets from one of sheet supply cassettes arranged in a multistage form in a paper bank 43. The sheets are 
separated one by one by a separation roller 45. The separated sheet is fed into a sheet supply passage 46, transfen'ed 
by a transport roller 47 through a sheet supply passage 48 in the copying machine main body 100 until coming into 
contact with a resist roller 49. Or, a sheet supply roller 50 is rotated to feed sheets on a manual feeding tray 51 into 
the copying machine main body 100. The sheets are separated one by one by a separation roller 52. The separated 

15 sheet is fed through a manual feeding passage 53 until coming into contact with a resist roller 49. 

[01 1 3] Then , the resist roller 49 Is rotated in synchronization with the superimposed color Image on the intermediate 
transfer member 10, and the sheet is fed between the intermediate transfer member 10 and the secondary transfer 
unit 22, whereby the superimposed color image is transferred onto the sheet by the secondary transfer unit 22. 
[0114] The sheet on which the Image has been transferred is transported by the secondary transfer unit 22 to the. 

20 fixing unit 25, where the transferred image Is fixed by applying heat and pressure thereon. Then, the sheet is discharged 
by a discharge roller 56 and stacked on a discharge tray 57 or fed Into the sheet reversing unit 28. The transporting 
directions are switched by a switching claw 55. The sheet fed into the sheet reversing unit 28 is reversed therein, 
introduced to the transfer position again, where an image is also formed on the reverse side of the sheet. Then, the 
sheet is discharged onto the discharge tray 57 by the discharge roller 56 

25 [0115] After transfer of the image, residual toner left on the intermediate transfer member 10 Is removed by the 
Intermediate transfer member cleaning unit 1 7 for the next image fonrtatlon by the tandem Image forming unit 20. 
[01 1 6] The resist roller 49 Is usually earthed but may be applied with a bias to remove paper powder on sheets, in 
an intermediate transfer system, paper powder is not likely to be transported to photoconductors and thus does not 
have to be taken into consideration. Thus, the resist roller 49 may not be earthed. As the applied voltage, a DC bias 

30 is applied, but it may be an AC voltage having a DC offset component to electrify the sheet more unlfomnly 

[0117] The surfaces of the sheet having been passed on the resist roller 49 applied with bias Is slightly negatively 
charged. Thus, the conditions in transferring of an image from the intermediate transfer member 10 to a sheet must 
be changed from those In the case where no voltage is applied to the resist roller 49. 

[01 18] In the above tandem image forming apparatus 20, each of the image fomning means 1 8 comprises, as shown 
35 in FIG. 4, the drum shaped photoconductor 40, and a charging unit 60, a fixing unit 61 , a primary transfer unit 62, a 
photoconductor cleaning unit 63, a discharge unit 64 and so on, which are provided around the photoconductor 40. 
[01 1 9] Although not shown, a process cartridge which comprises a part or all of the members constituting the Image 
forming means 18 including the photoconductor 40 and which Is detachable from the copying machine main body 100 
as a unit assembly may be fornied to facilitate the maintenance. 
40 [0120] The charging unit 60 of the image forming means 18, which is in the form of a roller in contact with the pho- 
toconductor 4 in the illustrated example, applies a voltage to the photoconductor 40 to charge it. The charging may be 
conducted by a non-contact scorotron charger. 

[01 21 ] The developing unit 61 may use a one-component developer, but uses a two-component developer comprising 
a magnetic carrier and a non-magnetic toner in the illustrated example. The developing unit 61 comprises a stirring 

45 section 66 for transporting the two-component developer with stirring to a developing sleeve 65, and a developing 
section 67 for transferring toner in the two-component developer on the developing sleeve 65 to the photoconductor 
40. The stirring section 66 is located in a lower position than the developing section 67. The stirring section 66 is 
provided with two parallel screws 68. The space between the two screws 68 are partitioned by a partition 69 except 
the both end parts (see FIG. 7). A toner density sensor 71 is attached to a developing case 70. In the developing 

50 section 67, the developing sleeve 65 is opposed to the photoconductor 40 through an opening of the developing case 
70, and magnets 72 is fixed in the developing sleeve 65. A doctor blade 73 is provided on the developing sleeve 65 
with Its end close to the photoconductor 40. The two screws 68 stir and circulate the two-component developer and 
supplies it to the developing sleeve 65. The developer supplied to the developing sleeve 65 is attracted and held by 
the magnets 72 and fomfis a magnetic brush on the developing sleeve 65. With rotation of the developing sleeve 65, 

55 the magnetic brush is cut to a suitable size by the doctor blade 73. The developer cut off the magnetic brush Is returned 
to the stirring section 66. 

[01 22] Toner in the developer on the developing sleeve 65 Is transfered onto the photoconductor 40 by a developing 
bias voltage applied to the developing sleeve 65 to develop an electrostatto latent image on the photoconductor 40 
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into a visible image. After that, the developer left on the developing sleeve 65 is separated therefrom in a place where 
the magnetic force of the magnets 72 does not exist, and returned to the stirring section 66. When the toner content 
in the developer in the stirring section 66 is decreased with repetition of this process, the toner sensor 71 detects that 
and toner Is supplied to the stirring section 66. 
5 [0123] The primary transfer unit 62 is in the fonn of a roller and disposed in pressure contact with the photoconductor 
40 with the intermediate transfer member 1 0 interposed therebetween. The primary transfer unit 62 may be in the fomri 
of a conductive brush, a non-contact corona charger, or the like. 

[01 24] The photoconductor cleaning unit 63 has a cleaning blade 75 of, for example, urethane rubber provided with 
its tip In pressure contact with the photoconductor 40. The photoconductor cleaning unit 63 also has a contact brush 
10 in contact with the outer periphery of the photoconductor 40 to enhance the cleaning properties. In FIG. 4, a conductive 
fur brush 76 is provided in contact with the photoconductor 40 for rotation In the direction of the an^ow. A metal electric 
field roller 77 for applying a bias to the fur brush 76 is provided for rotation in the direction of the an'ow, and a tip of a 
scraper 78 is in pressure contact with the electric field roller 77. Also, a recovering screw 79 for recovering removed 
toner is provided. 

15 [01 25] The fur brush 76, which is rotated in a counter direction of rotation of the photoconductor 40, removes residual 
toner on the photoconductor 40. The toner having adhered to the fur brush 76 is removed by the biased electric field 
roller 77, which is rotated in contact with the fur brush 76 in a counter direction of rotation of the fur brush 76. The toner 
having adhered to the electric field roller 77 Is cleaned off by the scraper 78. Toner recovered by the photoconductor 
cleaning unit 63 is put to one side in the cleaning unit 63 by the recovering screw 79 and returned to the developing 

20 unit 61 by a toner recycling unit 80, which will be described later In detail, and reused. 

[0126] A quenching unit 64 comprises a lamp, for exarhple, which emits light to Initialize the surface potential of the 
photoconductor 40. With the rotation of the photoconductor 40, the surface of the photoconductor 40 is uniformly 
charged by the charging unit 60. Then, the exposure unit 21 irradiates writing light L emitted from a laser or an LED 
according to the information read by the scanner 300 to form an electrostatic latent image on the photoconductor 40. 

25 [0127] After that, toner is stucl< to develop the electrostatic latent Image into a visible image by the developing unit 
61 , and the visible Image is transferred onto the intennedlate transfer member 1 0 by the primary transfer unit 62. After 
the transfer of the image, the cleaning unit 40 removes toner left on the surface of the photoconductor 40 and the 
quenching unit 64 discharge the photoconductor 40 for the next Image fonnation. 

[0128] FIG. 5 is an enlarged view of an essential part of the color image fonning apparatus shown in FIG. 3. The 
30 "BK", "Y", "M" and "C" suffixes on each of the image fonmlng means 18 of the tandem image forming unit 20, the 
photoconductor 40, the developing unit 61 , and the photoconductor cleaning unit 63 of each of the image fomiing units 
18, and the primary transfer units 62 provided opposed to the photoconductors 40 of the image fomnlng units 18 rep- 
resents black, yellow, magenta and cyan, respectively. 

[0129] In FIG. 5, designated as 74 is a conductive roller provided between adjacent primary transfer units 62 and in 
35 contact with a base layer side 1 1 of the intermediate transfer member 1 0, which is not shown in FIG. 3 and FIG. 4. The 
conductive rollers 74 prevent the biases applied by the primary transfer units 62 at the time of transfer from flowing 
into an adjacent Image fonning means 18 through the base layer 11 having a medium resistance. 
[0130] FIG. 6 and FIG. 7 show a toner recycling unit 80. As shown In FIG. 4, the recovery screw 79 of the photocon> 
ductor cleaning unit 63 has a roller part 82 having a pin 81 at one end. One side of a belt-like recovered toner carrying 
40 member 83 of the toner recycling unit 80 is trained around the roller part 82, and the pin 81 is received in a long hole 
84 of the recovered toner carrying member 83. The recovered toner carrying member 83 has an outer periphery on 
which blades 85 are provided at spaced intervals. The other side of the recovered toner carrying member 63 is trained 
around a roller part 87 of a rotary shaft 86. 

[0131] The recovered toner carrying member 83 is housed In a carrying path case 88 togethier with the rotary shaft 
45 86 as shown in FIG. 7. The carrying path case 88 Is fomned Integrally with a cartridge case 89 and has a developing 
unit 61 side end part in which one of the two screws 68 of the developing unit 61 is located. 

[01 32] The recovery screw 79 is rotated by a driving force transmitted from outside and the recovered toner carrying 
member 83 is rotated to carry toner recovered by the photoconductor cleaning unit 63 through the carrying path case 
88 to the developing unit 61 . The toner is put into the developing unit by rotation of the screw 68. Then, as mentioned 

50 before, the toner is stinred and circulated together with the carrier In the developing unit 61 , supplied to the developing 
sleeve 65, cut by the doctor blade 73, and transferred onto the photoconductor 40 to develop a latent image thereon. 
[0133] The developing sleeve 65 is a non-magnetic, rotatable sleeve-shaped member and has a plurality of magnets 
72 therein. The magnets 72 are fixed so as to be able to apply magnetic forces to developer when it is passing a specific 
point. In the illustrated example, the developing sleeve 65 has a diameter of 18 mm, and has a surface sandblasted 

55 or in which a plurality of grooves having a depth of 1 to several millimeters are fonned so as to have an RZ in the range 
of 1 0 to 30 ^m. 

[0134] The magnets 72 have polarities of N^, S^, N2, S2 and S3, for example, from the point of the doctor blade 73 
in the rotating direction of the developing sleeve 65. 
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[0135] The developer is formed Into a magnetic brush by the magnets 72 and held on the developing sleeve 65. The 
developing sleeve 65 is opposed to the photoconductor 40 in a region on the S1 side of the magnets 72. 
[0136] In the illustrated example, the Intennfiediate transfer member cleaning unit 1 7 has two fur brushes 90 and 91 
as cleaning members as shown in FIG. 5. To the fur brushes 90 and 91 , biases having different polarities are respectively 

5 applied from power sources (not shown). 

[0137] Metal rollers 92 and 93 are provided in contact with the fur brush 90 and 91 , respectively, for rotation in the 
same or opposite direction as the fur brush 91 and 92. In this example, a negative voltage is applied to the metal roller 
92, which is located on the upstream side in the rotating direction of the intennediate transfer member 1 0, from a power 
source 94, and a positive voltage is applied to the downstream metai roller 93 from a power source 95. Tips of the 

10 blades 96 and 97 are in pressure contact with the metal rollers 92 and 93, respectively. 

[0138] With rotation of the intemiediate transfer member 10 In the direction of the arrow, a negative bias is applied 
to the intermediate transfer member 1 0 from the upstream fur brush 90 to perfomn cleaning of the surface of the inter- 
mediate transfer member 10. When a voltage of -700 V, for example, is applied to the metal roller 92, the fur brush 90 
has a voltage of -400 V and positive toner on the intennediate transfer member 1 0 is moved onto the fur brush 90. The 

15 thus removed toner Is moved from the fur brush 92 to the metai roller 92 by the potential difference, and then scraped 
off the metai roller 92 by the blade 96. 

[01 39] After the removal of the toner on the intennediate transfer member 1 0 with the fur brush 90, there still remains 

a large amount of toner on the intermediate transfer member 10. The toner has been negatively charged by the negative 

bias applied to the fur brush 90. This is thought to be by a charge injection or a discharge. 
20 [0140] Then, a positive bias is applied to the Intermediate transfer body 10 from the downstream fur brush 91 to 

remove the residual toner therewith. The removed toner is moved from the fur brush 91 to the metal roller 93 by a 

potential difference and scraped off the metal roller 93 by the blade 97. 

[0141] The toner scraped off by the blades 96 and 97 is recovered into a tank (not shown). 

[0142] Although almost of all toner is removed by the above cleaning processes, there still remains a small amount 
25 of toner on the intermediate transfer member 1 0. The residual toner has been positively charged by the bias applied 

to the fur brush 91 . The positively charged toner is moved to the photoconductor 40 by a transfer bias applied thereto 

at the primary transfer position and recovered by the photoconductor cleaning unit 63. 

[0143] The order in which the images of each color are fonned is not specifically limited, it depends on the purpose 
and the properties of the image forming apparatus. 
30 [0144] As the belt (intermediate transfer belt) for use as the intermediate transfer member 10, a belt made of a 
fluororesin, polycarbonate resin or polyimide resin has been conventionally used. In recent years, an elastic belt having 
layers all or part of which are composed of an elastic material is spreading. 
[0145] Transfer of a color image using a resin belt has the following problem. 

[0148] A color image is generally formed of four color toners. In one color image, first to fourth toner layers are 

35 formed. Since the toner layers receive pressure through a primary transfer (transfer from a photoconductor to the 
intennediate transfer belt) and a secondary transfer (transfer from the intennediate transfer belt to a sheet), the ag- 
gregation force among toner particles Is increased. When the aggregation force among toner particles is high, white 
voids are likely to occur in letters and an edge of a solid area. A resin belt, which has high hardness and Is not deformed 
according to toner layers, tends to compress toner layers and thus is likely to cause white voids. In recent years, a 

4t> demand for printing on various types of paper such as a Japanese paper and a paper embossed on purpose is in- 
creasing. However, a paper of low smoothness is apt to have a gap between itself and the toner layers, so that an 
image printed thereon is likely to have a transfer void. When a transfer pressure in the secondary transfer process is 
increased to enhance the adhesion of toner to the paper, the aggregation force among toner particles is increased, 
causing voids in letters as above. 

45 [01 47] Thus, an elastic belt is suitable for the intennediate transfer belt. 

[0148] An elastic belt has lower hardness than a resin belt and thus is deformed according to toner layers and a 
paper of low smoothness in a transfer unit. Namely, the elastic belt is deformed following regional irregularity and 
enhances the adhesion of toners even when the transfer pressure onto the toner layers is not unnecessarily increased. 
Thus, an image with high uniformity and free from white voids can be produced even on a paper of low smoothness. 

50 Thus, in the present invention, the intennediate transfer member is preferably a seamless elastic belt having layers all 
or part of which are composed of an elastic material. More preferably, the elastic belt comprises a resin layer, an elastic 
layer and a surface layer laminated in sequence. 

[01 49] Specific examples of the resin for use in the resin layer include but are not limited to polycarbonate; f luororesins 
(ETFE, PVDF); styrene resins (homopolymers and copolymers containing styrene or a styrene homologue) such as 
55 polystyrene, chloropolystyrene, poly-a-methylstyrene, styrene-butadiene copolymers, styrene-vinyl chloride copoly- 
mers, styrene-vinyl acetate copolymers, styrene-maleic acid copolymers, styrene-acrylic ester copolymers (such as 
styrene-methyl acrylate copolymers, styrene-ethyl acrylate copolymers, styrene-butyl acryiate copolymers, styrene- 
octyl acrylate copolymers, aand styrene-pheny! acrylate copolymers), styrene-methacryiic ester copolymers (such as 
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styrene-m ethyl methacrylate copolymers, styrene-ethyl methacrylate copolymers, styrene-phenyl methacrylate copol- 
ymers), styrene-a-methyl chloroaciylate copolymers, and styrene-acrylonitrileacryllc ester copolymers; methyl meth- 
acrylate resins; butyl methacrylate resins; ethyl acrylate resins; butyl acrylate resins; modified acrylic resins (such as 
silicone-modified acrylic resins, vinyl chloride resins modified acrylic resins, acrylic-urethane resins); vinyl chloride 

5 resins, styrene-vinyl acetate copolymers, vinyl chloride-vinyl acetate copolymers, rosin-modlfled maleic acid resins, 
phenol resins, epoxy resins, polyester resins, polyester polyurethane resins, polyethylene, polypropylene, polybutadi- 
ene, polyvinylidene chloride, lonomer resins, polyurethane resins, silicone resins, ketone resins, ethylene-ethyl acrylate 
copolymers, xylene resins, polyvinyl butyral resins, polyamlde resins, and modified polyphenylene oxide resins. The 
resins may be used alone or in combination. 

10 [0150] Specific examples of the rubber and elastomer as the elastic material for use in the elastic layer include but 
are not limited to butyl rubber, fluoro rubbers, acrylic rubbers, EPDM, NBR, acrylonitrtle-butadlene-styrene rubber nat- 
ural rubber, Isoprene rubber, styrene-butadlene rubber, butadiene rubber, ethylene-propylene rubber, ethylene-propyl- 
ene terpolymers, chloroprene rubber, chlorosulfonated polyethylene, chlorinated polyethylene, urethane rubbers, syn- 
diotactic 1 ,2-polybutadiene, epichlorohydrin rubbers, silicone rubbers, fluororubbers. polysulfide rubbers, polynor- 

15 bornene rubber, hydrogenated nitrite rubber, and themnoplasttc elastomers (such as polystyrene elastomers, polyblefin 
elastomers, polyvinyl chloride elastomers, polyurethane elastomers, polyamlde elastomers, polyurea, polyester elas- 
tomers and fluororesin elastomers). The rubbers and the elastomers may be used alone or in combination. 
[0151] A resistance adjusting conductive material, which may be added to the elastic belt as necessary, is not spe- 
cifically limited. Specific examples of the resistance adjusting conductive material include but are not limited to carbon 

20 black, graphite, a powder of a metal such as aluminum or nickel, and conductive metal oxides such as tin oxide, titanium 
oxide, antimony oxide, indium oxide, potassium titanate, antimony-tin double oxide (ATO) and indium-tin double oxide 
(ITO). The conductive metal oxide may be coated with non-conductive fine particles such as barium sulfate fine parti- 
cles, magnesium silicate fine particles and calcium carbonate fine particles. 

[0152] The material for forming the surface layer of the elastic belt is not specifically limited as long as It reduces 
25 adhesion of the toner to the surface of the intermediate transfer belt to enhance secondary transferability thereof. For 
example, the surface layer may be composed of a resin such as a polyurethane resin, polyester resin or epoxy resin 
or a mixture thereof in which a powder or particles, or a mixture of powders or particles with different diameter, of a 
material which reduces surface energy and enhances lubricity such as fluororesins, fluorine compounds, carbon fluo- 
ride, titanium dioxide and silicon carbide or a mixture thereof are dispersed. 
30 [0153] A fluoro rubber on which a fluorine-rich layer is fonmed by heat treatment to reduce surface energy may be 
also used. 

[01 54] The method of producing the elastic belt is not specifically limited. 

[0155] Specific examples of the belt producing method include and are not limited to a centrifugal molding method 

in which the material Is poured into a rotating cylindrical mold, a spray coating method in which a thin film Is fonned 
35 on a surface of a mold, a dipping method in which a cylindrical mold is immersed in a material solution and drawn up, 
an injection molding method in which the material is pored between inner and outer molds, and a method in which a 
surface of a compound wound on a cylindrical mold is vulcanized and polished. The methods may be combined. 
[01 56] One method of preventing elongation of the elastk: belt is to provide a core layer with low elongation containing 
a material for preventing elongation of the elastic belt. Specific examples of the material for use in the core layer include 
40 but are not limited to natural fibers such as cotton, silk; synthetic fibers such as polyester fibers, nylon fibers, acrylic 
fibers, polyolefin fibers, polyvinyl alcohol fibers, polyvinyl chloride fibers, polyvinylidene chloride fibers, polyurethane 
fibers, polyacetal fibers, polyfluoroethylene fibers, phenol fibers; inorganic fibers such as carbon fibers, glass fibers, 
boron fibers; and metal fibers such as iron fibers and copper fibers. The materials may be used in the f onn of a woven 
fabric or threads and used in alone or in combination. 
•^5 [0157] The thread may be of one filament or a strand of filaments, or may be a single twisted yarn, piled yam ortwo- 
ply yarn. A plurality of types of the above fibers may be mixed. The strand threads may be subjected to suitable con- 
ductive treatment. 

[0158] The woven fabric may be woven by any method such as by knitting, and a union fabric can be also used. The 
woven fabrk; may be subjected to conductive treatment. The method for providing a core layer is not specifically limited. 

50 Specific examples of the method for providing the core layer Include a method In which a cover layer Is fomied on a 
fabric woven into a cylindrical shape and laid on a mold or the like, a method In which a woven fabric woven into a 
cylindrical shape is immersed in a liquid rubber or the like to form a cover layer on one or both sides thereof, and a 
method in which a coating layer is formed on a thread helically wound on a mold or the like at a given pitch. 
[01 59] When the thickness of the elastic layer is excessively large (about 1 mm or larger), the surface thereof expands 

55 or contracts largely and generates cracks or causes deformation of a printed image, although it depends on the hard- 
ness thereof. 

[0160] The elastic layer preferably has a hardness in a range of 1 0 to 65° (JIS-A), although the hardness must be 
adjusted according to the thickness of the belt. A belt having a JIS-A hardness of less than 1 0^" is very difficult to form 
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with dimensional accuracy. This is because the belt Is likely to be subjected to contract or expansion at the time of 
formation. In order to soften a belt, an oil component is frequently added In the support thereof. However, when the 
belt Is continuously used under pressure, the oil component bleeds out and contaminates the photoconductor In contact 
with the surface of the intermediate transfer member, causing streaks in a lateral direction in a printed image. In general, 

5 an intermediate transfer belt is provided with a surface layer to improve releasing property thereof. In order to prevent 
the oil component from bleeding out completely, the surface layer is required to be excellent in quality, in durability, for 
example, so that it is difficult to obtain a material having required properties. On the other hand, an elastic layer having 
a JIS-A hardness of at least 65*" has sufficient hardness and thus can be fomrted with accuracy. Also, the elastic layer 
can be formed with a small amount of oil component or without an oil component, so that the contamination of the 

10 photoconductor by the oil can be reduced. However, the elastic layer cannot provide an effect of improving toner 
transferability and makes it difficult to train the resulting intermediate transfer belt over rollers. 
[0161] A process cartridge is a single part or device which has the photoconductor and at least one unit selected 
from a charger, an image exposing device, a developing device, an image transferring device and a cleaning device 
and which is detachably mounted on an Image fonning apparatus. One example of such a process cartridge is illustrated 

15 in FIG. 8 and is generally indicated as 101 . The process cartridge 101 in this embodiment includes a photoconductor 
102 according to the present invention in the fonri of a drum having an electroconductive support, an undercoat layer 
and a photoconductive layer. Disposed around the photoconductor 102 are a charger 103, a development device 104 
and a cleaning blade 1 05. The operation of these units for the fonnation of an image Is the same as already described 
above. 

20 [0162] The following examples and comparative examples will further illustrate the present invention. Parts are by 
weight. 

Example 1 

25 [0163] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved In 500 parts of methyl ethyl ketone, in which 3.0 parts of dibenzo-l 8-crown-6 ether were further 
dissolved. To the solution were added 600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Industry 
Co., Ltd., non-surface treated product). The mixture was dispersed in a ball mill containing alumina balls for 24 hours 

30 to prepare a coating liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum having a 
diameter of 30 mm and a length of 340 mm and the coating was dried at 130*^0 for 20 minutes to fomn an undercoat 
layer having a thickness of 5.0 ^m thereon. 

[0164] 5 Parts of a butyral resin (S-LEC BMS, made by Sekisui Chemical Co., Ltd.) were dissolved in 150 parts of 
cyclohexanone, to which 15 parts of a charge generating material having a structure represented by the fomnula (CG* 
35 1) shown below were milled In a ball mill containing alumina balls for 72 hours. The ball milling was further continued 
for 5 hours after addition of 21 0 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring 
until a solid content of 1 .0 % by weight was reached to obtain a coating liquid for forming a charge generating layer. 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 120''C for 10 minutes to fomn a charge generating layer having a thickness of about 0.2 ^m. 

40 
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(CG-1) . \ 



[0165] 80 Parts of a charge transporting material having a structure represented by the structural formula (CT-2) 
shown below, 100 parts of a polycarbonate resin ( Pan lite TS2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a 
silicone oil (KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a 
coating liquid for fomning a charge transporting layer. The resulting coating liquid was applied to the aluminum drum 
on which the undercoat layer and the charge generating layer had been formed. The coating was dried at 135**C for 
20 minutes to form a charge transporting layer having a thickness of about 28 ^m, thereby obtaining an electrophoto- 
graphic photoconductor. 




(CT-2) 

Example 2 

[01 66] Example 1 was repeated in the same manner as described except that zinc sulfide powder (manufactured by 
Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic pho- 
toconductor. 

Example 3 

[0167] Example 1 was repeated in the same manner as described except that alumina-treated titanium oxide. (CR- 
60 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 
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Example 4 



[0168] Example 1 was repeated In the same manner as described except that 1 ,3-dloxorane was substituted for the 
tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electropho- 
5 tographic photoconductor. 



[01 69] Example 1 was repeated in the same manner as described except that xylene was substituted for the tetrahy- 
10 drof uran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophotographic 
photoconductor. 



IS [0170] Example 1 was repeated In the same manner as described except that toluene was substituted for the tet- 
rahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 



20 

[0171] Example 1 was repeated In the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .5 p.m, thereby obtaining an electrophotographic photoconductor. 



25 

[01 72] Example 1 was repeated in the same manner as described except that the thickness of the charge transporting 
layer was reduced to 20 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 1 

30 

[0173] Example 1 was repeated In the same manner as described except that dibenzo-1 8-crown-6 ether was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 2 

35 

[0174] Example 1 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fomiation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor 

40 Comparative Example 3 

[01 75] Example 1 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

45 [0178] Each of the photoconductors obtained In Examples 1 -8 and Comparative Examples 1 -3 was incorporated In 
a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona charging device, a laser 
image exposing device, a reverse development device and a transfer device. Solid and halftone Images were repeatedly 
produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 1 00,000 prints in three 
different conditions of (a) ordinary environment (20°C, 50 % relative humidity), tow temperature and low humidity en- 

50 vironment (12''C, 15 % relative humidity) and high temperature and high humidity environment (32*'C, 85 relative hu- 
midity). The results of the valuation of the initial image and the image of the 100,000th print are summarized in Table 
1 . In the Tables shown below, hyphen (-) means that evaluation was no longer carried out. 

[01 77] Evaluation of Image in the present and following Examples and Comparative Examples was rated as follows: 
55 A: Excellent 

B1 : Good. Slight non-uniformity in halftone image density was observed. No problem In actual use. 

B2: Good. Slight background stain was observed. No problem In actual use. 

B3: Good. Slight reduction in image density was observed. No problem in actual use. 



Example 5 



Example 6 



Example 7 



Example 8 
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C1: Good. Slight non-uniformity in halftone image density and slight reduction in image density were observed. 
No problem in actual use. 

0: No good. Significant non-unifomnity in halftone image. 

5 

Table 1 



10 
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[0178] As will be appreciated from the results shown In Table 1 , the electrophotographic photoconductors according 
to the present invention gives under good Images for a long period of service without depending upon environments 

QQ under which the images are fomied. 

Example 9 

[0179] 125 Parts of an alkyd resin (8eckozot 1307-60EL, made by Dalnlppon Ink & Chemicals, Inc.) and 125 parts 
55 of a melamlne resin (Super 8eckamine G-821-60, made by Dalnlppon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 10.0 parts of dibenzo-24-crown-8 ether were further 
dissolved. To the solution were added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., 
Ltd., non-surface treated product). The mixture was dispersed in a ball mill containing alumina balls for 30 hours to 
prepare a coating liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum having a 
40 diameter of 30 mm and a length of 340 mm and the coating was dried at 135''C for 20 minutes to fonn an undercoat 
layer having a thickness of 6.0 ^m thereon. 

[0180] 18 Parts of A-type titanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm, to which a solution obtained by dissolving 10 parts of a butyral resin (S-LEC BX, made by Sekisui 
Chemical Co., Ltd.] in 350 parts of methyl ethyl ketone. The mixture was then milled for 15 hours. The milled mixture 

4s was diluted with 600 parts of methyl ethyl ketone to obtain a coating liquid for forming a charge generating layer. The 
thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been fomried. The 
coating was dried at 70'*C for 20 minutes to form a charge generating layer having a thickness of about 0.3 \ur\. 
[0181] 90 Parts of a charge transporting material having a structure represented by the structural formula (CT-3) 
shown below, 100 parts of a polycarbonate resin (Panlite L-1250, made by Teijin Chemicals, Ltd.) and 0.02 part of a 

so silicone oil (KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 400 parts of 1 ,3-dioxorane and 350 parts 
of tetrahydrofuran to obtain a coating liquid for fomnlng a charge transporting layer. The resulting coating liquid was 
applied to the aluminum drum on which the undercoat layer and the charge generating layer had been fomned. The 
coating was dried at 135°C for 20 minutes to fomn a charge transporting layer having a thickness of about 31 ^m, 
thereby obtaining an electrophotographic photoconductor. 

55 
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(CT-3) 



Example 10 



[0182] Example 9 was repeated In the same manner as described except that the thickness of the undercoat layer 
was reduced to 3 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 1 1 

[0183] Example 9 was repeated in the same manner as described except that the thickness of the charge transporting 
layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 4 



[0184] Example 9 was repeated in the same manner as described except that dibenzo-24-crown-8 ether was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

30 

Comparative Example 5 

[01 85] Example 9 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fomiation of a coating liquid for a charge transporting 
35 layer, thereby obtaining an electrophotographic photoconductor. 



Comparative Example 6 



[0186] Example 9 was repeated in the same manner as described except that dichloromethane was substituted for 
40 the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

[0187] Each of the photoconductors obtained in Examples 9-11 and Comparative Examples 4-6 was incorporated 
in a digital copying machine (IMAGIO M F2200 made by Ricoh Company, Ltd.) equipped with a contact type roll charging 
device, an exposing device, a reverse development device and a transfer device. Solid and halftone Images were 
4s repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V In an ordinary envi- 
ronment (20°C, 50 % relative humidity) to obtain 150,000 copies. The results of the valuation of the initial Image and 
the Image of the 150,000th copy are summarized In Table 2. 



Table 2 



Example 


Initial Image 


Image of 150,000th copy 


20»C/50%RH 


20''C/50%RH 


9 


A 


A 


10 


A 


B2 


11 


A 


B2 


Comp.4 


D 
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Table 2 (continued) 



Example 


Initial Image 


Image of 150,000th copy 


20'»C/50%RH 


20'C/50%RH 


Comp.5 


D 




Comp.6 


D 





[01 68] As will be appreciated from the results shown in Table 2, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service. 

Example 12 

[0189] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainlppon Ink & Chemicals, Inc.) and 125 parts 
of a melamlne resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 10.0 parts of dibenzo-15-crown-5 ether were further 
dissolved. To the solution were added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., 
Ltd., non-surface treated product). The mixture was dispersed in a ball mill containing alumina balls for 30 hours to 
prepare a coating liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum having a 
diameter of 30 mm and a length of 340 mm and the coating was dried at i3S^C for 20 minutes to form an undercoat 
layer having a thickness of 6.0 p,m thereon. 

[0190] 60 Parts of a charge generating material represented by the formula CG-4 shown below and 330 parts of 
methyl ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 1 0 parts of a polyvinylbutyral 
resin (S-LEC BL-1, made by Sektsui Chemteal Co., Ltd.) in 400 parts of methyl ethyl ketone and 1,850 parts of cy- 
clohexanone was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge gen- 
erating layer. The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had 
been fomied. The coating was dried at 130<^C for 20 minutes to form a charge generating layer having a thickness of 
about 0.5 )xm. 



35 




(CG-4) 



[0191] 85 Parts of a charge transporting material having a structure represented by the above fomriula (CT-2), 1 00 
parts of a polycarbonate resin (Panlite L-2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50. 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 200 parts of 1 ,3-dloxorane and 550 parts of tetrahydrofuran 
to obtain acoatingliquidforformingachargetransportlng layer. The resulting coating liquid was applied to the aluminum 
drum on which the undercoat layer and the charge generating layer had been fomied. The coating was dried at 135**C 
for 20 minutes to form a charge transporting layer having a thickness of about 30 jim, thereby obtaining an electro- 
photographic photoconductor. 



Example 1 3 

50 

[0192] Example 12 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 1 4 

55 

[0193] Example 12 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 urn. thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 7 



[0194] Example 13 was repeated in the same manner as described except that dibenzo-IS-crown-S ether was not 
used at all and that the thickness of the charge transporting layer was reduced to 25 ^m, thereby obtaining an elec- 
trophotographic photoconductor. 



10 



15 



20 



25 



30 



35 



40 



50 



55 



Comparative Example 8 

[0195] Example 14 was repeated In the same manner as described except that dlbenzo-15-crown-5 ether was not 

used at all, thereby obtaining an electrophotographic photoconductor. 

[0196] Each of the photoconductors obtained in Examples 12-14 and Comparative Examples 7 and 8 was incorpo- 
rated in an image forming machine (IPSiO NX720N made by Ricoh Company Ltd.) equipped with a contact type roll 
charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse devel- 
opment device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse devel- 
opment bias of -600 V in an ordinary environment (20''C, 50 % RH) until the fomnation of black spots by charge break- 
down was observed. The image quality in the initial stage was evaluated and the occurrence of discharge breakdown 
was checked to give the results shown In Table 3. 

Table 3 



Example 


Initial Image 


Charging breakdown 


12 


A 


Not occurred in the 
180.000th print 


13 


A 


Occurred in the 
160,000th print 


14 


A 


Occurred in the 
170,000th print 


Comp.7 


A 


Occurred in the 
80,000th print 


Comp.8 


D 


Occurred in the 
100,000th print 



[01 97] As will be appreciated from the results shown in Table 3, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 

Example 15 

[0198] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 15.0 parts of polyethyleneglycol monoalkyi ether 
(Emalmlne L-380 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 
600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Industry Co., Ltd., non-surface treated product). 
The mixture was dispersed in a bail mill containing alumina balls for 24 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 
and the coating was dried at 130**C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^im thereon. 
[0199] 5 Parts of a butyral resin (S-LEC BI\^S, made by Sekisui Chemical Co., Ltd.) were dissolved in 150 parts of 
cyclohexanone, to which 15 parts of a charge generating material represented by the above formula CG-1 were milled 
in a bail mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours after addition of 
21 0 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a solid content of 1 .0 
% by weight was reached to obtain a coating liquid for fonming a charge generating layer. The thus obtained coating 
liquid was applied to the aluminum drum on which the undercoat layer had been formed. The coating was dried at 
120*^0 for 10 minutes to fonm a charge generating layer having a thickness of about 0.2 ^m. 
[0200] 80 Parts of a charge transporting material having a structure represented by the above fonnuta CT-2, 100 
parts of a polycartDonate resin (Panlite TS2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for 
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forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the un- 
dercoat layer and the charge generating layer had been fomned. The coating was dried at 135^*0 for 20 minutes to 
form a charge transporting layer having a thickness of about 28 ^m. thereby obtaining an electrophotographic photo- 
conductor. 

5 

Example 16 

[0201] Example 15 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
10 photoconductor. 

Example 1 7 

[0202] Example 1 5 was repeated In the same manner as described except that alumina-treated titanium oxide (CR- 
15 60 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

Example 18 

20 [0203] Example 1 5 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the fonnation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 19 

25 

[0204] Example 15 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the fonnation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

30 Example 20 

[0205] Example 15 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

35 

Example 21 

[0206] Example 1 5 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .5 ^m, thereby obtaining an electrophotographic photoconductor. 

40 

Example 22 

[0207] Example 15 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 20 pjn. thereby obtaining an electrophotographic photoconductor. 

45 

Comparative Example 9 

[0208] Example 1 5 was repeated in the same manner as described except that polyethyleneglycol monoalkyi ether 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

so 

Comparative Example 1 0 

[0209] Example 1 5 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
ss photographic photoconductor. 
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Comparative Example 11 

[021 0] Example 1 5 was repeated In the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 

5 obtaining an electrophotographic photoconductor. 

[021 1 ] Each of the photoconductors obtained in Examples 1 5-22 and Comparative Examples 9-1 1 was Incorporated 
In a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona charging device, a 
laser image exposing device, a reverse development device and a transfer device. Solid and halftone Images were 
repeatedly produced at a daric area potential of -800 V and a reverse development bias of -600V to obtain 100,000 

10 prints in three different conditions of (a) ordinary environment (20<*C, 50 % relative humidity), low temperature and low 
humidity environment (12°C, 15 % relative humidity) and high temperature and high humidity environment (32''C, 85 
relative humidity). The results of the valuation of the initial Image and the image of the 1 00,000th print are summarized 
in Table 4. 

15 Table 4 



20 



25 



30 



35 



Example 


Initial Image 


After 100,000 prints 


20''C 
/50%RH 


12«C 
/16%RH 


32«C 
/85%RH 


/50%RH 


12»C 
/15%RH 


32°C 
/85%RH 


15 


B1 


B1 


B1 


A 


A 


A 


16 


A 


A 


A 


B1 


C1 


C1 


17 


A 


A 


A 


A 


B3 


B3 


18 


A 


A 


A 


A 


A 


A 


19 


A 


A 


A 


A 


A 


A 


20 


A 


A 


A 


A 


A 


A 


21 


A 


A 


A 


B2 


B2 


B2 


22 


A 


A 


A 


B2 


B2 


B2 


Comp.9 


D 


D 


D 








Comp.10 


D 


D 


D 








Comp.11 


D 


D 


D 









[021 2] As will be appreciated from the results shown in Table 4, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of sen/ice without depending upon environments 
under which the images are fomned. 

40 

Example 23 

[0213] 125 Parts of an alkyd resin (Becl<ozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

45 weight) were dissolved In 500 parts of methyl ethyl ketone. In which 5.0 parts of potypropyleneglycoi monoalkyi ether 
(Newpole LB650X manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were 
added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 

so and the coating was dried at 1 35*»C for 20 minutes to fonm an undercoat layer having a thickness of 6.0 ^im thereon. 
[021 4] 1 8 Parts of A-type titanylphthalocyanin pigment were placed In a glass pot together with zirconia beads having 
a diameter of 2 mm, to which a solution obtained by dissolving 1 0 parts of a butyral resin (S-LEC BX, made by Sekisul 
Chemical Co., Ltd.) in 350 parts of methyl ethyl ketone. The mixture was then milled for 15 hours. The milled mixture 
was diluted with 600 parts of methyl ethyl ketone to obtain a coating liquid for forming a charge generating layer. The 

55 thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been fomned. The 
coating was dried at 70*'C for 20 minutes to form a charge generating layer having a thickness of about 0.3 jim. 
[0215] 90 Parts of a charge transporting material having a structure represented by the above formula CT-3, 100 
parts of a polycarbonate resin (Panlite L-1250, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, 
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made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 400 parts of 1 ,3-dioxorane and 360 parts of tetrahydrofuran 
to obtain a coating liquid forfonning a charge transporting layer. The resulting coating liquid was applied to the aluminum 
drum on which the undercoat layer and the charge generating layer had been fomned. The coating was dried at ISS^'C 
for 20 minutes to fomi a charge transporting layer having a thickness of about 31 ^m, thereby obtaining an electro- 
photographic photoconductor. 

Example 24 

[021 6] Example 23 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3 ^m. thereby obtaining an electrophotographic photoconductor. 

Example 25 

[0217] Example 23 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 12 

[021 8] Example 23 was repeated in the same manner as described except that propyieneglycol monoaikyi ether was 
not used at ail, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 13 

[021 9) Example 23 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fomnation of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 14 

[0220] Example 23 was repeated In the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

[0221 ] Each of the photoconductors obtained in Examples 23-25 and Comparative Examples 1 2-1 4 was Incorporated 

in a digital copying machine (IM AGIO M F2200 made by Ricoh Company, Ltd.) equipped with a contact type roll charging 
device, an exposing device, a reverse development device and a transfer device. Solid and halftone Images were 
repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V in an ordinary envi- 
ronment (20''C, 50 % relative humidity) to obtain 150,000 prints. The results of the valuation of the initial image and 
the Image of the 150,000th copy are summarized In Table 5. 



Table 5 



Example 


Initial Image 


Image of 150,000th copy 


20*C/50%RH 


20»C/60%RH 


23 


A 


A 


24 


A 


B2 


25 


A 


82 


Comp.12 


D 




Comp.13 


D 




Comp.14 


D 





[0222] As will be appreciated from the results shown in Table 5, the electrophotographic photoconductors according 
to the present invention gives under good Images for a long period of service. 
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Example 26 

[0223] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821'60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

5 weight) were dissolved in 500 parts of methyl ethyl ketone, in which 5.0 parts of polyethyleneglycol monoalkyi ether 
(Nonion E-210 manufactured by Nippon Yushi Co., Ltd.) were further dissolved. To the solution were added 570 parts 
of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was 
dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the 

10 coating was dried at 1 35'*C for 20 minutes to form an undercoat layer having a thickness of 6,0 thereon. 

[0224] 60 Parts of a charge generating material represented by the above fomriula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a polyvinylbutyral resin 
(S-LEC BL-1 , made by Sekisui Chemical Co., Ltd.) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for fomrilng a charge generating layer. 

15 The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at ISO^'C for 20 minutes to fonri a charge generating layer having a thickness of about 0.5 p.m. 
[0225] 85 Parts of a charge transporting material having a structure represented by the above fomnula (CT-2), 100 
parts of a polycarbonate resin (Panllte L-2050, made by Teljin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 200 parts of 1 ,3-dloxorane and 550 parts of tetrahydrofuran 

20 to obtain a coating liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum 
drum on which the undercoat layer and the charge generating layer had been formed. The coating was dried at 1 35'*C 
for 20 minutes to form a charge transporting layer having a thickness of about 30 ^m, thereby obtaining an electro- 
photographic photoconductor. 

25 Example 27 

[0226] Example 26 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

30 Example 28 

[0227] Example 26 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 

35 Comparative Example 15 

[0228] Example 27 was repeated in the same manner as described except that polyethyleneglycol monoalkyi ether 
was not used at all and that the thickness of the charge transporting layer was reduced to 25 ^m, thereby obtaining 
an electrophotographic photoconductor 

40 

Comparative Example 16 

[0229] Example 28 was repeated in the same manner as described except that polyethyleneglycol monoalkyi ether 
was not used at all. thereby obtaining an electrophotographic photoconductor 

45 [0230] Each of the photoconductors obtained In Examples 26-28 and Comparative Examples 15 and 16 was incor- 
porated in an image forming machine (IPSIO NX720N made by Ricoh Company, Ltd.) equipped with a contact type 
roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
development device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V in an ordinary environment (20*'C, 50 % RH) until the formation of black spots by charge 

so breakdown was observed. The image quality in the initial stage was evaluated and the occurrence of discharge break- 
down was checked to give the results shown In Table 6. 



Table 6 



Example 


Initial Image 


Charging breakdown 


26 


A 


Not occurred in the 
180,000th print 



28 



EP 1 324 139 A2 



Page 29 of 96 




EP 1324 139 A2 



Table 6 (continued) 



Example 


Initial Inriage 


Charging breakdown 


27 


A 


Occurred In the 
160,000th print 


28 


A 


Occurred in the 
170,000th print 


Comp.15 


A 


Occurred in the 
80,000th print 


Conrip.16 


D 


Occurred in the 
100,000th print 



15 [0231] As will be appreciated fronn the results shown In Table 6, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service and has good durability. 

Example 29 

20 [0232] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamlne resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 5.5 parts of polyethyleneglycol monocarboxylic 
acid ester (lonet MS-400 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution 
were added 600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Industry Co., Ltd., non-surface treated 
product). The mixture was dispersed in a ball mill containing alumina balls for 24 hours to prepare a coating liquid for 
an undercoat layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length 
of 340 mm and the coating was dried at 1 SO^'C for 20 minutes to form an undercoat layer having a thickness of 5.0 ^m 
thereon. 

[0233] 5 Parts of a butyral resin (S-LEC BMS, made by Sekisui Chemical Co., Ltd.) were dissolved in 150 parts of 
cyclohexanone, to which 1 5 parts of a charge generating material represented by the above formula CG-1 were milled 
in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours after addition of 
21 0 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a solid content of 1 .0 
% by weight was reached to obtain a coating liquid for fomning a charge generating layer. The thus obtained coating 
liquid was applied to the aluminum drum on which the undercoat layer had been fonned. The coating was dried at 

35 1 20°C for 1 0 minutes to form a charge generating layer having a thickness of about 0.2 ^.m, 

[0234] 80 Parts of a charge transporting material having a structure represented by the above formula CT-2, 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teljin Chemicals, Ltd.) and 0.02 part of a silicone oil {KF-50, 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for 
forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the un- 

^0 dercoat layer and the charge generating layer had been formed. The coating was dried at 135^*0 for 20 minutes to 
form a charge transporting layer having a thickness of about 28 ^m, thereby obtaining an electrophotographic photo- 
conductor. 

Example 30 

45 

[0235] Example 29 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor 

5^ Example 31 

[0238] Example 29 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by Ishlhara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

55 
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Example 32 

[0237] Example 29 was repeated In the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the fonnatlon of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 33 

[0238] Example 29 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 34 

[0239] Example 29 was repeated In the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 35 

[0240] Example 29 was repeated in the same manner as described except that the thiclcness of the undercoat layer 
was reduced to 1 .5 p.m, thereby obtaining an electrophotographic photoconductor. 

Example 36 

[0241] Example 29 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 20 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 17 

[0242] Example 29 was repeated in the same manner as described except that polyethyieneglycoi monocarboxylic 
acid ester was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 1 8 

[0243] Example 29 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fonnatlon of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Comparative Example 19 

[0244] Example 29 was repeated In the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

[0245] Each of the photoconductors obtained in Examples 29-36 and Comparative Examples 1 7-1 9 was Incorporated 
in a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona charging device, a 
laser image exposing device, a reverse development device and a transfer device. Solid and halftone Images were 
repeatedly produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 100,000 
prints In three different conditions of (a) ordinary environment (20<'C, 50 % relative humidity), low temperature and low 
humidity environment (12°C, 15 % relative humidity) and high temperature and high humidity environment (32X, 85 
relative h umldity). The results of the valuation of the initial image and the image of the 1 00,000th print are summarized 
in Table 7. 
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Table 7 



5 



Example 


Initial Image 


Image of 100.000th print 


20'C 
/50%RH 


12'»C 
/15%RH 


32«'C 
/86%RH 


20'»C 
/50%RH 


12*C 
/15%RH 


32«C 
/85%RH 


29 


B1 


B1 


B1 


A 


A 


A 


30 


A 


A 


A 


B1 


C1 


CI 


31 


A 


A 


A 


A 


83 


83 


32 


A 


A 


A 


A 


A 


A 


33 


A 


A 


A 


A 


A 


A 


34 


A 


A 


A 


A 


A 


A 


35 


A 


A 


A 


62 


B2 


82 


36 


A 


A 


A 


B2 


82 


82 


Comp,17 


D 


D 


D 








Comp.18 


D 


D 


D 








Comp.19 


D 


D 


D 









[0246] As will be appreciated from the results shown in Table 7, the electrophotographic photoconductors according 
25 to the present invention gives under good images for a long period of service without depending upon environments 
under which the images are formed. 

Example 37 

30 [0247] 125 Parts of an all<yd resin (Becl^ozol 1307-60EL, made by Dainippon lnl(& Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 15.0 parts of polyethylenegtycol diacarboxylic acid 
ester (lonet DS-300 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were 
added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). 

35 The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 
and the coating was dried at 1 35*'C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^m thereon. 
[0248] 1 8 Parts of A-type titanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm, to which a solution obtained by dissolving 10 parts of a butyral resin (S-LEC BX, made by Sekisui 

40 Chemical Co.. Ltd.) in 360 parts of methyl ethyl ketone. The mixture was then milled for 15 hours. The milled mixture 
was diluted with 600 parts of methyl ethyl ketone to obtain a coating liquid for forming a charge generating layer. The 
thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been fomried. The 
coating was dried at 70*'C for 20 minutes to form a charge generating layer having a thickness of about 0.3 p.m. 
[0249] 90 Parts of a charge transporting material represented by the above formula CT-3, 100 parts of a polycar- 

4S bonate resin (Panllte L-1250, made by Teijin Chemicals, Ltd.) and 0.02 part of a siltoone oil (KF-50, made by Shin-Etsu 
Chemical Co.. Ltd.) were dissolved in 400 parts of 1 ,3-dloxorane and 350 parts of tetrahydrofuran to obtain a coating 
liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which 
the undercoat layer and the charge generating layer had been fonned. The coating was dried at 1 35*'C for 20 minutes 
to form a charge transporting layer having a thickness of about 31 fim, thereby obtaining an electrophotographic pho- 

50 toconductor. 

Example 38 

[0250] Example 37 was repeated in the same manner as described except that the thickness of the undercoat layer 
55 was reduced to 3 M.m, thereby obtaining an electrophotographic photoconductor. 
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Example 39 

[0251] Example 37 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 

Comparative Example 20 

[0252] Example 37 was repeated In the same manner as described except that potyethylenegiycol dicarboxyllc acid 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 21 

[0253] Example 37 was repeated In the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dloxorane and tetrahydrofuran for the fomnation of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor 

Comparative Example 22 

[0254] Example 37 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

[0255] Each of the photoconductors obtained in Examples 37-39and Comparative Examples 20-22 was incorporated 
in a digital copying machine (IMAGIO MF2200madeby Ricoh Company, Ltd.) equipped with a contacttype roll charging 
device, an exposing device, a reverse development device and a transfer device. Solid and halftone images were 
repeatedly produced at a daric area potential of -600 V and a reverse development bias of -400V in an ordinary envi- 
ronment (20*'C, 50 % relative humidity) to obtain 100,000 copies. The results of the valuation of the initial Image and 
the image of 150,000th copy are summarized In Table 8. 



Table 8 



Example 


Initial Image 


Image of 150,000th copy 


20°C/50%RH 


20*'C/50%RH 


23 


A 


A 


24 


A 


B2 


25 


A 


B2 


Comp.12 


D 




Comp,13 


D 




Comp.14 


D 





[0256] As will be appreciated from the results shown in Table 8, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service. 

Example 40 

[0257] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 5.0 parts of polyethyleneglycol distearate (Nonion 
DS-60HN manufactured by Nippon Yushi Co., Ltd.) were further dissolved. To the solution were added 570 parts of a 
titanium oxide powder (CR-EL made by ishihara Sangyo Co., Ltd., non-surtace treated product). The mixture was 
dispersed in a ball mill containing alumina bails for 30 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the 
coating was dried at 135*'C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^im thereon. 
[0258] 60 Parts of a charge generating material represented by the above formula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a potyvinylbutyral resin 
(S-LEC BL-1 , made by Seklsul Chemical Co., Ltd..) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
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was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge generating layer 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 130*^0 for 20 minutes to fomi a charge generating layer having a thickness of about 0.5 ^m. 
[0259] 85 Parts of a charge transporting material having a structure represented by the above fonnula (CT-2), 100 

5 parts of a polycarbonate resin (Panlite L-2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, 
made by Shin*Etsu Chemical Co., Ltd.) were dissolved in 200 parts of 1 ,3-dioxorane and 550 parts of tetrahydrofuran 
to obtain a coating liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum 
drum on which the undercoat layer and the charge generating layer had been formed. The coating was dried at 135''C 
for 20 minutes to form a charge transporting layer having a thickness of about 30 \xm, thereby obtaining an electro- 

10 photographic photoconductor. 

Example 41 

[0260] Example 40 was repeated in the same manner as described except that the thickness of the undercoat layer 
IS was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 42 

[0261] Example 40 was repeated in the same manner as described except that the thickness of the charge trans- 
20 porting layer was reduced to 25 p,m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 23 

[0262] Example 41 was repeated in the same manner as described except that polyethyleneglycol distearate was 
25 not used at all and that the thickness of the charge transporting layer was reduced to 25 ^m, thereby obtaining an 
electrophotographic photoconductor. 

Comparative Example 24 

30 [0263] Example 42 was repeated in the same manner as described except that polyethyleneglycol distearate was 
not used at all, thereby obtaining an electrophotographic photoconductor 

[0264] Each of the photoconductors obtained In Examples 40-42 and Comparative Examples 23 and 24 was incor- 
porated In an image fonning machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact type 
roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
35 development device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V in an ordinary environment (20'C, 50 % RH) until the formation of black spots by charge 
breakdown was observed. The image quality In the initial stage was evaluated and the occun-ence of discharge break- 
down was checked to give the results shown in Table 9. 

40 Table 9 



Example 


Initial Image 


Charging breakdown 


40 


A 


Not occurred in the 
180,000th print 


41 


A 


Occurred In the 
160,000th print 


42 


A 


Occurred in the 
170,000th print 


Comp.23 


A 


Occurred in the 

80,000th print 


Comp.24 


D 


Occurred In the 
100,000th print 



[0265] As will be appreciated from the results shown in Table 9, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 
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Example 43 



[0266] 150 Parts of an alkyd resin (Beckozol 1307-60EL. made by Dainippon Ink & Chemicals. Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

5 weight) were dissolved in 500 parts of methyl ethyl ketone, in which 5.5 parts of oxyethyiene-oxypropyiene copolymer 
(Newpole PE-61 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 
600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Industry Co., Ltd., non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 24 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 

10 and the coating was dried at 130°C for 20 minutes to fomri an undercoat layer having a thickness of 5.0 ^m thereon. 
[0267] 5 Parts of a butyral resin (S-LEC BMS, made by Sekisui Chemical Co., Ltd.) were dissolved In 150 parts of 
cyclohexanone, to which 15 parts of a charge generating material represented by the above formula CG-1 were milled 
in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours after addition of 
21 0 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a solid content of 1 .0 

IS % by weight was reached to obtain a coating liquid for fomning a charge generating layer. The thus obtained coating 
liquid was applied to the aluminum drum on which the undercoat layer had been formed. The coating was dried at 
120'*C for 10 minutes to fomri a charge generating layer having a thickness of about 0.2 

[0268] 80 Parts of a charge transporting material represented by the above structural fomnula CT>2, 1 00 parts of a 
polycarbonate resin (Paniite TS2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, made by 
20 Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for fomning a 
charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the undercoat layer 
and the charge generating layer had been fonned. The coating was dried at 135'C for 20 minutes to forni a charge 
transporting layer having a thickness of about 28 p.m, thereby obtaining an electrophotographic photoconductor. 

25 Example 44 

[0269] Example 43 was repeated In the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 

30 

Example 45 

[0270] Example 43 was repeated In the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
ns photographic photoconductor. 



[0271] Example 43 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
^0 the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 



[0272] Example 43 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 



[0273] Example 43 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

55 Example 49 

[0274] Example 43 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .5 pjn. thereby obtaining an electrophotographic photoconductor. 



Example 46 



Example 47 



Example 46 
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Example 50 

[0275] Example 43 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 20 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 25 

[0276] Example 43 was repeated In the same manner as described exceptthat oxyethylene-oxypropylene copolymer 
was not used at ail, thereby obtaining an electrophotographic photoconductor 

Comparative Example 26 

[0277] Example 43 was repeated in the same manner as described except that dichioromethane was substituted for 
the tetrahydrofuran for the fomriation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Comparative Example 27 

[0278] Example 43 was repeated in the same manner as described except that dichioromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

[0279] Each of the photoconductors obtained in Examples 29-36 and Comparative Examples 1 7-1 9 was incorporated 
in a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona charging device, a 
laser Image exposing device, a reverse development device and a transfer device. Solid and halftone images were 
repeatedly produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 100,000 
prints In three different conditions of (a) ordinary environment (20°C, 50 % relative humidity), low temperature and low 
humidity environment (12*»C, 15 % relative humidity) and high temperature and high humidity environment (32*C, 85 
relative humidity). The results of the valuation of the initial image and the image of the 1 00,000th print are summarized 
In Table 10. 



Table 10 



Example 


Initial Image 


Image of 


100,000th print 


20°C 
/50%RH 


12^0 
/15%RH 


32^0 
/85%RH 


20*^0 
/50%RH 


12''C 
/15%RH 


32^C 
/85%RH 


43 


B1 


B1 


B1 


A 


A 


A 


44 


A 


A 


A 


81 


01 


CI 


45 


A 


A 


A 


A 


B3 


B3 


46 


A 


A 


A 


A 


A 


A 


47 


A 


A 


A 


A 


A 


A 


48 


A 


A 


A 


A 


A 


A 


49 


A 


A 


A 


B2 


B2 


82 


50 


A 


A 


A 


B2 


B2 


82 


Comp.25 


D 


D 


D 








Comp.26 


D 


D 


D 








Comp.27 


D 


D 


D 









[0280] As will be appreciated from the results shown in Table 1 0, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service without depending upon environments 
under which the images are fornied. 
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Example 51 



[0281] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

5 weight) were dissolved in 500 parts of methyl ethyl ketone, In which 1 0.0 parts of oxyethylene-oxypropylene copolymer 
(Newpole 75H-90000 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were 
added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 

10 and the coating was dried at 13S^C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^m thereon. 
[0282] 1 8 Parts of A-type titanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm, to which a solution obtained by dissolving 1 0 parts of a butyral resin (S-LEC BX, made by Sekisui 
Chemical Co., Ltd.) in 350 parts of methyl ethyl ketone. The mixture was then milled for 15 hours. The milled mixture 
was diluted with 600 parts of methyl ethyl ketone to obtain a coating liquid for forming a charge generating layer. The 

IS thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. The 
coating was dried at TCC for 20 minutes to form a charge generating layer having a thickness of about 0.3 ftm. 
[0283] 90 Parts of a charge transporting material having a structure represented by the above structural fomnula CT- 
3, 100 parts of a polycarbonate resin (Panlite L-1250, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil 
(KF-50. made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 400 parts of 1 ,3-dioxorane and 350 parts of tetrahy- 

20 drofuran to obtain a coating liquid for fonming a charge transporting layer. The resulting coating liquid was applied to 
the aluminum drum on which the undercoat layer and the charge generating layer had been fomned. The coating was 
dried at 1 SS'^C for 20 minutes to fomn a charge transporting layer having a thickness of about 31 ^m, thereby obtaining 
an electrophotographic photoconductor. 

25 Example 52 

[0284] Example 51 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3 ^m, thereby obtaining an electrophotographic photoconductor. 

30 Example 53 

[0285] Example 51 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

35 Comparative Example 28 

[0286] Example 37 was repeated in the same manner as described exceptthat oxyethylene-oxypropylene copolymer 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

^0 Comparative Example 29 

[0287] Example 51 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fomfiation of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

45 

Comparative Example 30 

[0288] Example 51 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 

so obtaining an electrophotographic photoconductor. 

[0289] Each of the photoconductors obtained in Examples 51 -53 and Comparative Examples 28-30 was incorporated 
in a digital copying machine (IMAGIO MF2200 made by Ricoh Company, Ltd.) equipped with a contact type roil charging 
device, an exposing device, a reverse development device and a transfer device. Solid and halftone images were 
repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V in an ordinary envi- 

55 ronment (20'*C, 50 % relative humidity) to obtain 150,000 copies. The results of the valuation of the Initial Image and 
the image of the 150,000th copy are summarized In Table 11 . 
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Table 11 



10 



15 



Example 


Initial Image 


Image of 150,000th copy 


20°C/50%RH 


20°C/50%RH 


51 


A 


A 


52 


A 


B2 


53 


A 


82 


Comp.28 


D 




Comp.29 


D 




Comp.30 


D 





[0290] As will be appreciated from the results shown in Table 11 , the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of sen/ice. 



20 



25 



30 



35 



40 



Example 54 

[0291] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Daintppon Ink & Chemicals, Inc.) and 125 parts 
of a melamlne resin (Super Beckamine G-821-60. made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 5.0 parts of oxyethylene-oxypropylene copolymer 
(Pronon 204 manufactured by Nippon Yushi Co., Ltd.) were further dissolved. To the solution were added 570 parts of 
a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was 
dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the 
coating was dried at 135^C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^m thereon. 
[0292] 60 Parts of a charge generating material represented by the above formula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a polyvinylbutyral resin 
(S-LEC BL-1 , made by Sekisui Chemical Co., Ltd.) In 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for fonning a charge generating layer. 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 130''C for 20 minutes to form a charge generating layer having a thickness of about 0.5 p.m. 
[0293] 85 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panllte L-2050, made by Teijin Chemicals, Ltd.) and 0.02 part of a silicone oil (KF-50, 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 200 parts of 1 ,3-dioxorane and 550 parts of tetrahydrofuran 
to obtain a coating liquid forforming a charge transporting layer. The resulting coating liquid was applied to the aluminum 
drum on which the undercoat layer and the charge generating layer had been formed. The coating was dried at 1 35''C 
for 20 minutes to form a charge transporting layer having a thickness of about 30 ^m, thereby obtaining an electro- 
photographic photoconductor. 



Example 55 



45 



[0294] Example 54 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^im, thereby obtaining an electrophotographic photoconductor. 



Example 56 



50 



[0295] Example 54 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 jim, thereby obtaining an electrophotographic photoconductor 



Comparative Example 31 



55 



[0296] Example 55 was repeated in the same manner as described except that oxyethylene-oxypropylene copolymer 
was not used at all and that the thickness of the charge transporting layer was reduced to 25 ^m, thereby obtaining 
an electrophotographic photoconductor 
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Comparative Example 32 



10 



[0297] Example 42 was repeated In the same manner as described except that oxyethylene-oxypropylene copolymer 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

[0298] Each of the photoconductors obtained in Examples 54-56 and Comparative Examples 31 and 32 was incor- 
porated in an image forming machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact type 
roil charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
development device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V In an ordinary environment (20^0, 50 % RH) until the formation of black spots by charge 
breakdown was observed. The image quality in the initial stage was evaluated and the occurrence of discharge break- 
down was checked to give the results shown In Table 12. 



Table 12 



15 



20 



25 



Example 


Initial Image 


Charging breakdown 


54 


A 


Not occurred in the 
180,000th print 


55 


A 


Occurred in the 
160,000th print 


56 


A 


Occurred in the 
170,000th print 


Comp.31 


A 


Occurred in the 
80,000th print 


Comp.32 


D 


Occurred In the 
100,000th print 



30 



[0299] As will be appreciated from the results shown in Table 1 2, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service and has good durability. 



Example 57 



35 



40 



45 



SO 



55 



[0300] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamlne G-821-60, made by Dainippon ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved In 500 parts of methyl ethyl ketone, In which 5.0 parts of tribenzo-1 8-crown-6 ether were further 
dissolved. To the solution were added 600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Industry 
Co., Ltd., non-surface treated product). The mixture was dispersed in a ball mill containing alumina balls for 24 hours 
to prepare a coating liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum having a 
diameter of 30 mm and a length of 340 mm and the coating was dried at 130°C for 20 minutes to form an undercoat 
layer having a thickness of 5.0 |xm thereon. 

[0301] 5 Parts of a butyral resin (S-LEC 6MS. made by Sekisui Chemical Co., Ltd.) were dissolved in 150 parts of 
cyclohexanone, to which 1 5 parts of a charge generating material having a structure represented by the above formula 
CG-1 were milled in a bail mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours 
after addition of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a 
solid content of 1 .0 % by weight was reached to obtain a coating liquid for forming a charge generating layer. The thus 
obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been fonned. The coating 
was dried at 1 20<'C for 1 0 minutes to fomn a charge generating layer having a thickness of about 0.2 ^m. 
[0302] 80 Parts of a charge transporting material having a structure represented by the above structural fomiula CT- 
2, 100 parts of a polycarbonate resin (Panlite TS2050, made by Teljin Chemicals, Ltd.), 0.4 part of 2,6-di-tert-butyl- 
4-methylphenol, 0.5 part of distearyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for fonning a charge 
transporting layer. The resulting coating liquid was applied to the aluminum drum on which the undercoat layer and 
the charge generating layer had been fonmed. The coating was dried at 135''C for 20 minutes to fomn a charge trans- 
porting layer having a thickness of about 28 ]xm, thereby obtaining an electrophotographic photoconductor 
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Example 58 

[0303] Example 57 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 

Example 59 

[0304] Example 57 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by Ishihara Sangyo Co.. Ltd.) was substituted for the titanium oxide, thereby obtaining an electro* 
photographic photoconductor. 

Example 60 

[0305] Example 57 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the fomnation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 61 

[0306] Example 57 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor 

Example 62 

[0307] Example 57 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 63 

[0308] Example 57 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .8 ^m, thereby obtaining an electrophotographic photoconductor 

Example 64 

[0309] Example 57 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 33 

[031 0] Example 57 was repeated in the same manner as described except that tribenzo-1 B-crown-6 ether was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 34 

[031 1 ] Example 57 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Comparative Example 35 

[031 2] Example 57 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the fomnation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 
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Example 57a 

[031 3] Example 57 was repeated In the same manner as described except that 2,6-dktert-butyl-4-methylphenol was 
not used at all, thereby obtaining an electrophotographic photoconductor. 

5 

Example 57b 

[031 4] Example 57 was repeated In the same manner as described except that distearyl-3,3'-thloproplonate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

.10 

Example 57c 

[0315] Example 57 was repeated In the same manner as described except that neither 2,6-dl-tert-butyl-4-methyl- 
phenol nor distearyl-3,3'4hiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 

'5 [031 6] Each of the photoconductors obtained in Examples 57-64, Comparative Examples 33-35 and Examples 57a- 
57c was incorporated In a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona 
charging device, a laser image exposing device, a reverse development device and a transfer device. Solid and halftone 
images were repeatedly produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 
200,000 prints in three different conditions of (a) ordinary environment (20*'C, 50 % relative humidity), low temperature 

20 and low humidity environment (12*'C, 15 % relative humidity) and high temperature and high humidity environment 
(32''C, 85 relative humidity). The results of the valuation of the initial image and the image of the 200,000th print are 
summarized In Table 13. 



Table 13 



25 



30 



Example 


Initial Image 


Image of 200,000th print 


20^C 
/50%RH 


12''C 
/15%RH 


32''C 
/85%RH 


20''C 
/50%RH 


12<'C 
/15%RH 


32''C 
/86%RH 


57 


B1 


B1 


B1 


A 


A 


A 


58 


A 


A 


A 


81 


CI 


CI 


59 


A 


A 


A 


A 


83 


83 


60 


A 


A 


A 


A 


A 


A 


61 


A 


A 


A 


A 


A 


A 


62 


A 


A 


A 


A 


A 


A 


63 


A 


A 


A 


B2 


82 


82 


64 


A 


A 


A 


82 


82 


82 


Comp.33 


D 


D 


D 








Comp.34 


D 


D 


D 








Comp.35 


D 


D 


D 








57a 


A 


A 


A 


A* 


A* 


A* 


57b 


A 


A 


A 


A* 


A* 


A* 


57c 


A 


A 


A 


A* 


A* 


A* 



A*: Good up to 100.000 prints. But reduction of Image density was obsen/ed in the 200.000th print. 

SO 

[0317] As will be appreciated from the results shown in Table 13, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service without depending upon environments 
under which the images are fomned. 

Example 65 

[0318] 125 Parts of an alkyd resin (8eckozol 1307-60EL, made by Dalnippon Ink & Chemicals, Inc.) and 125 parts 
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of a melamine resin (Super Beckamine G'821-60, made by Dainippon Ink & Chemicals, inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, In which 8.5 parts of tetrabenzo-24-crown-8 ether were 
further dissolved. To the solution were added 570 parts of a titanium oxide powder (TA-dOO made by Fuji Titanium 
Kogyo Co., Ltd., non-surface treated product). The mixture was dispersed in a ball mill containing alumina balls for 30 
5 hours to prepare a coating liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum 
having a diameter of 30 mm and a length of 340 mm and the coating was dried at ISS^C for 20 minutes to fomn an 
undercoat layer having a thickness of 6.0 p.m thereon. 

[0319] 1 8 Parts of A-type titanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm, to which 350 parts of methyl ethyl ketone were further added. The mixture was then milled for 1 5 

10 hours. To the milled mixture, a solution obtained by dissolving 1 0 parts of a butyral resin (S-LECBX, made by Sekisui 
Chemical Co., Ltd.) in 600 parts of methyl ethyl ketone was added. The mixture was then milled for 2 hours to obtain 
a coating liquid for forming a charge generating layer. The thus obtained coating liquid was applied to the aluminum 
drum on which the undercoat layer had been formed. The coating was dried at 70** C for 20 minutes to form a charge 
generating layer having a thtokness of about 0.3 ^m. 

15 [0320] 90 Parts of a charge transporting material having a structure represented by the above structural fomnula GT- 
3, 100 parts of a polycarbonate resin (Panlite L-1250, made by Teijin Chemicals, Ltd.), 0.5 part of 2,6-di'tert-butyl- 
4-methoxytphenol, 1 part of dlmethyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved in 300 parts of 1 ,3-dioxorane and 450 parts of tetrahydrofuran to obtain a coating 
liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which 

20 the undercoat layer and the charge generating layer had been formed. The coating was dried at 135*'G for 20 minutes 
to fomn a charge transporting layer having a thickness of about 31 (im, thereby obtaining an electrophotographic pho- 
toconductor. 

Example 66 

25 

[0321 ] Example 65 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 67 

30 

[0322] Example 65 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m, thereby obtaining an electrophctographb photoconductor. 

Comparative Example 36 

35 

[0323] Example 65 was repeated in the same manner as described except that the tetrabenzo-24-crown-8 ether was 
not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 37 

40 

[0324] Example 65 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fonnation of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

45 Comparative Example 38 

[0325] Example 65 was repeated in the same manner as described except that a mixed solvent composed of 200 
parts of methyl ethyl ketone and 400 parts of dichloromethane was substituted for the solvent (methyl ethyl ketone) 
for the formation of a coating liquid for a charge generating layer, thereby obtaining an electrophotographic photocon- 
so ductor. 

Example 65a 

[0326] Example 65 was repeated in the same manner as described except that 2,6-di-tert-butyi-4-methoxyiphenoi 
55 was not used at all, thereby obtaining an electrophotographic photoconductor. 
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Example 65b 

[0327] Example 65 was repeated in the same manner as described except that dimethyt-3,3'-thlopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

5 

Example 65c 

[0328] Example 65 was repeated in the same manner as described except that neither 2,6-di-tert-butyl-4-methoxy- 
Iphenol nor dimethyl-3,3'-thioproplonate was used at alt, thereby obtaining an electrophotographic photoconductor. 

10 [0329] Each of the photoconductors obtained in Examples 65-67, Comparative Examples 36-38 and Examples 65a- 
65c was incorporated In a digital copying machine (IMAGIO MF2200 made by Ricoh Company, Ltd.) equipped with a 
contact type roll charging device, an exposing device, a reverse development device and a transfer device. Solid and 
halftone images were repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V 
in an ordinary environment (20''C, 50 % relative humidity) to obtain 300,000 copies. The results of the valuation of the 

15 Initial image and the image of the 300,000th copy are summarized In Table 14. 



Table 14 



25 



Example 


Initial Image 


Image of 300,000th copy 


20*'C/50%RH 


20«C/50%RH 


65 


A 


A 


66 


A 


B2 


67 


A 


B2 


Comp.36 


D 




Comp.37 


D 




Comp.38 


D 




65a 


A 


A* 


65b 


A 


A* 


65c 


A 


A* 



A*: Good up to 150,000th copy. But reduction of image density was obsen/ed in the 300,000th copy. 

35 

[0330] As will be appreciated from the results shown in Table 1 4, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service. 

Example 68 

40 

[0331] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamlne G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved In 500 parts of methyl ethyl ketone, in which 8.5 parts of 21 -crown-7 ether were further dissolved. 
To the solution were added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non- 
45 surface treated product). The mixture was dispersed In a ball mill containing alumina balls for 30 hours to prepare a 
coating liquid for an undercoat layer The coating liquid was then applied to an aluminum drum having a diameter of 
30 mm and a length of 340 mm and the coating was dried at 135°C for 20 minutes to fomn an undercoat layer having 
a thickness of 6.0 ^m thereon. 

[0332] 60 Parts of a charge generating material represented by the above formula CG-4 and 330 parts of methyl 
so ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 1 0 parts of a polyvinylbutyral resin 
(S-LEC BL-1 , made by Sekisul Chemical Co., Ltd.) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge generating layer. 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 130''C for 20 minutes to fomn a charge generating layer having a thickness of about 0.5 jim. 
55 [0333] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 1 00 
parts of a polycarbonate resin (Panlite L-2050, made by Teijin Chemicals, Ltd.), 0.1 part of 2,4-dimethyl-6-tertbutyl- 
phenol, 0.5 part of dimyristyl-3,3 -thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical 
Co., Ltd.) were dissolved in 200 parts of 1 ,3-dioxorane and 550 parts of tetrahydrofuran to obtain a coating liquid for 
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forming a charge transporting layer. The resulting coating liquid was applied to the alunriinum drum on which the un- 
dercoat layer and the charge generating layer had been formed. The coating was dried at ISS^C for 20 minutes to 
fonn a charge transporting layer having a thickness of about 29 ^m, thereby obtaining an electrophotographic photo- 
conductor. 

5 

Example 69 

[0334] Example 68 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

10 

Example 70 

[0335] Example 68 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographk: photoconductor. 

15 

Example 68a 

[0336] Example 68 was repeated in the same manner as described except that neither 2,4-dimethyl-6-tertbutyiphenol 
nor dimyrlstyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 

20 

Comparative Example 39 

[0337] Example 69 was repeated in the same manner as described except that 21 -crown-7 ether was not used for 
the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dimyristyl-3,3'-thiopropionate 
25 was used in the charge transporting layer, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 40 

[0338] Example 70 was repeated in the same manner as described except that 21 -crown-7 ether was not used for 
30 the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dimynstyl-3,3'-thiopropionate 
was used in the charge transporting layer, thereby obtaining an electrophotographic photoconductor 
[0339] Each of the photoconductors obtained In Examples 68-70 and 68a and Comparative Examples 39 and 40 
was incorporated in an image fomning machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact 
type roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
35 development device and a transfer device. Images were produced at a dark area potential of -960 V and a reverse 
development bias of -600 V in an ordinary environment (20''C, 50 % RH) until the formation of black spots by charge 
breakdown was observed. The Image quality in the initial stage and in the 200.000th print was evaluated and the 
occurrence of discharge breakdown was checked to give the results shown In Table 15. 

40 Table 15 



Example 


Initial 
Image 


Charging breakdown 


Image of 
200,000th Print 


68 


A 


Not occurred in 
200,000th print 


A 


69 


A 


Occun-ed in 
1 60,000th print 




70 


A 


Occurred in 
170,000th print 




68a 


A 


Not occurred in 
200,000th print 


A* 


Comp.39 


D 


Occurred In 
80,000th print 





A*: Good up to 100.000 prints. But reduction of Image density was observed In the 200,000th print. 
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25 



30 



35 



40 
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Table 15 (continued) 





Example 


Initial 


Charging breakdown 


Image of 






Image 




200,000th Print 


5 


Comp.40 


D 


Occunred in 










100,000th print 





55 



[0340] As will be appreciated from the results shown in Table 15, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 

Example 71 

[0341] 150 Parts of an allcyd resin (Beckozol 1307-60EL, made by Dainlppon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainlppon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 20.0 parts of polyethyleneglycol monoalkyi ether 
(Emulmin 180 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 
600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Kogyo Co., Ltd., non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 24 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 
and the coating was dried at 130**C for 20 minutes to fomri an undercoat layer having a thickness of 5.0 ^im thereon. 
[0342] 5 Parts of a butyrai resin (S-LEC BMS, made by Seklsul Chemical Co., Ltd.) were dissolved in 150 parts of 
cyclohexanone, to which 1 5 parts of a charge generating material having a structure represented by the above fomnula 
CG-1 were milled in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours 
after addition of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a 
solid content of 1 .0 % by weight was reached to obtain a coating liquid for forming a charge generating layer. The thus 
obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. The coating 
was dried at 120''C for 1 0 minutes to form a charge generating layer having a thickness of about 0.2 nm. 
[0343] 80 Parts of a charge transporting material having a structure represented by the above structural fonnula CT- 
2. 100 parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals, Ltd.), 0.4 part of 2,6-di'tert-butyl- 
4-methylphenol, 0.5 part of dtstearyl-3,3'-thloproplonate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved In 770 parts of tetrahydrofuran to obtain a coating liquid for fomrilng a charge 
transporting layer. The resulting coating liquid was applied to the aluminum drum on which the undercoat layer and 
the charge generating layer had been fomned. The coating was dried at 135''C for 20 minutes to form a charge trans- 
porting layer having a thickness of about 28 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 72 

[0344] Example 71 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 

Example 73 

[0345] Example 71 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

Example 74 

[0346] Example 71 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 75 

[0347] Example 71 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an etectrophoto- 



44 



EP 1 324 139 A2 



Page 45 of 96 



EP 1324 139 A2 



graphic photoconductor. 
Example 76 

5 [0348] Example 71 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the fonnatlon of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 



10 

[0349] Example 71 was repeated In the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .8 p.m, thereby obtaining an electrophotographic photoconductor. 



15 

[0350] Example 71 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 p.m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 41 

20 

[0351] Example 71 was repeated in the same manner as described except that the polyethyleneglycol monoatkyi 
ether was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 42 

25 

[0352] Example 71 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fomaation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

30 Comparative Example 43 

[0353] Example 71 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

35 

Example 71 a 

[0354] Example 71 was repeated in the same manner as described except that 2,6-di-tert-butyl-4-methylphenol was 
not used at all, thereby obtaining an electrophotographic photoconductor. 

40 

Example 71b 

[0355] Example 71 was repeated in the same manner as described except that distearyl-3,3'-thiopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

45 

Example 71c 

[0356] Example 71 was repeated In the same manner as described except that neither 2,6-dl-tert-butyl-4-methyl- 
phenol nor distearyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 

so [0357] Each of the photoconductors obtained in Examples 71 -78, Comparative Examples 41 ^ and Examples 71 a- 
71 c was incorporated In a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona 
charging device, a laser image exposing device, a reverse development device and a transfer device. Solid and halftone 
images were repeatedly produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 
200,000 prints in three different conditions of (a) ordinary environment (20*'C, 50 % relative humidity), low temperature 

S5 and low humidity environment (12"C, 15 % relative humidity) and high temperature and high humidity environment 
(32°C, 85 relative humidity). The results of the valuation of the initial image and the image of the 200,000th print are 
summarized In Table 16. 



Example 77 



Example 78 
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Table 16 



5 



25 



Example 


Initial Image 


Image of 200,000th print 


20''C 
/50%RH 


/15%RH 


32*^0 
/85%RH 


20'»C 
/50%RH 


12''C 
/15%RH 


32'C 
/85%RH 


71 


B1 


B1 


B1 


A 


A 


A 


72 


A 


A 


A 


B1 


CI 


CI 


73 


A 


A 


A 


A 


B3 


83 


74 


A 


A 


A 


A 


A 


A 


75 


A 


A 


A 


A 


A 


A 


76 


A 


A 


A 


A 


A 


A 


77 


A 


A 


A 


B2 


B2 


82 


78 


A 


A 


A 


B2 


B2 


82 


Comp.41 


D 


D 


D 








Comp.42 


D 


D 


D 








Comp.43 


D 


D 


D 








71a 


A 


A 


A 


A* 


A* 


A* 


72b 


A 


A 


A 


A* 


A* 


A* 


73c 


A 


A 


A 


A* 


A* 


A* 



A*: Good up to 100.000 prints. But redudton of image density was obsen/ed In the 200,000tt) print. 



[0358] As will be appreciated from the results shown In Table 1 6, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service without depending upon environments 
under which the images are fomned. 

Example 79 

[0359] 125 Parts of an alkyd resin (Becl<ozol 1307-60EL, made by Dainippon \nk & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckaminee G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved In 500 parts of methyl ethyl ketone, In which 7.0 parts of polypropylenegtycol monoalkyi ether 
(Newpole LB300X manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were 
added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 
and the coating was dried at 135*C for 20 minutes to fomi an undercoat layer having a thickness of 6.0 \xm thereon. 
[0360] 1 8 Parts of A-type titanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm, to which 350 parts of methyl ethyl ketone were further added. The mixture was then milled for 15 
hours. To the milled mixture, a solution obtained by dissolving 10 parts of a butyral resin (S-LEC BX, made by Sekisui 
Chemical Co., Ltd.) in 600 parts of methyl ethyl ketone was added. The mixture was then milled for 2 hours to obtain 
a coating liquid for fomr^ing a charge generating layer. The thus obtained coating liquid was applied to the aluminum 
drum on which the undercoat layer had been fonned. The coating was dried at 70''C for 20 minutes to form a charge 
generating layer having a thickness of about 0.3 ^.m. 

[0361] 90 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
3, 100 parts of a polycarbonate resin (Panlite L-1250, made by Teljin Chemicals, Ltd.), 0.5 part of 2,6-di-tert-butyl- 
4-methoxylphenol, 1 part of dimethyl-3,3'-thiopropionate and 0.02 part of a silicone oil {KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved in 300 parts of 1 ,3-dioxorane and 450 parts of tetrahydrofuran to obtain a coating 
liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which 
the undercoat layer and the charge generating layer had been formed. The coating was dried at 135°C for 20 minutes 
to form a charge transporting layer having a thickness of about 31 nm, thereby obtaining an electrophotographic pho- 
toconductor. 
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Example 80 

[0362] Example 79 was repeated in the same manner as described except that the thickness of the undercoat iayer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 81 

[0363] Example 79 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 44 

[0364] Example 79 was repeated in the same manner as described except that the polyp ropyleneglycol monoalkyi 
ether was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 45 

[0365] Example 79 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fonmation of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 46 

[0366] Example 79 was repeated in the same manner as described except that a mixed solvent composed of 200 
parts of methyl ethyl ketone and 400 parts of dichloromethane was substituted for the solvent (methyl ethyl ketone) 
for the fomiation of a coating liquid for a charge generating layer, thereby obtaining an electrophotographic photocon- 
ductor. 

Example 79a 

[0367] Example 79 was repeated in the same manner as described except that 2,6-di-pert-butyl-4-methoxylphenol 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

Example 79b 

[0368] Example 79 was repeated in the same manner as described except that dimethyl-3,3'-thiopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

Example 79c 

[0369] Example 79 was repeated in the same manner as described except that neither 2,6-di-tert-butyl-4-methoxy- 
Iphenol nor dimethyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 
[0370] Each of the photoconductors obtained in Examples 79-81 , Comparative Examples 44-46 and Examples 79a- 
79c was incorporated in a digital copying machine (IMAGIO MF2200 made by Ricoh Company, Ltd.) equipped with a 
contact type roll charging device, an exposing device, a reverse development device and a transfer device. Solid and 
halftone images were repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V 
in an ordinary environment (20'*C, 50 % relative humidity) to obtain 300,000 copies. The results of the valuation of the 
initial image and the Image of the 300,000th copy are summarized in Table 17. 



Table 17 



Example 


Initial Image 


Image of 300,000th copy 


20*'C/60%RH 


20«C/50%RH 


79 


A 


A 


80 


A 


B2 


81 


A 


B2 
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10 



15 



Table 17 


continued) 


cXampie 


iniiiai imaye 


Image of 300,000th copy 






20*C/50%RH 


Comp.44 


D 




Comp.45 


D 




Comp.46 


D 




79a 


A 


A* 


79b 


A 


A* 


79c 


A 


A* 



A*: Good up to 150,000th copy. But reduction of image density was observed In the 300,000th copy. 

[0371 ] As will be appreciated from the results shown in Table 1 7, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service. 



20 



25 



30 



35 



40 



Example 82 

[0372] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 7.0 parts of polyethyleneglycol monoalkyi ether 
(Nonion K-220 manufactured by Nippon YushI Co., Ltd.) were further dissolved. To the solution were added 570 parts 
of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd. , non-surface treated product). The mixture was 
dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the 
coating was dried at 135°C for 20 minutes to fomn an undercoat layer having a thickness of 6.0 [im thereon. 
[0373] 60 Parts of a charge generating material represented by the above formula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a polyvlnylbutyral resin 
(S-LEC BL-1 . made by Sekisui Chemical Co., Ltd.) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge generating layer. 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 130*C for 20 minutes to fomi a charge generating layer having a thickness of about 0.5 [im. 
[0374] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 1 00 
parts of a polycarbonate resin (Panllte L-2050, made by Teljin Chemicals, Ltd.), 0.1 part of 2,4-dimethyl-6-tertbutyl- 
phenol, 0.5 part of dimyrlstyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical 
Co., Ltd.) were dissolved in 200 parts of 1 ,3-dloxorane and 550 parts of tetrahydrofuran to obtain a coating liquid for 
forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the un- 
dercoat layer and the charge generating layer had been formed. The coating was dried at 135*'C for 20 minutes to 
fomn a charge transporting layer having a thickness of about 29 p,m. thereby obtaining an electrophotographic photo- 
conductor. 



Example 83 

45 

[0375] Example 82 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 }xm. thereby obtaining an electrophotographic photoconductor. 

Example 84 

so 

[0376] Example 82 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 



Example 82a 

55 

[0377] Example 82 was repeated in the same manner as described except that neither 2, 4-dimethyl-6-tertbutylphenol 
nor dimyristyl-3.3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 47 

[0378] Example 83 was repeated in the same manner as described except that the polyethyleneglycoi monoalkyi 
ether was not used for the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dimyr- 
5 istyl-3,3'-thioprop{onate was used in the charge transporting layer, thereby obtaining an electrophotographic photo- 
conductor. 

Comparative Example 48 

10 [0379] Example 84 was repeated in the same manner as described except that the polyethyleneglycoi monoalkyi 
ether was not used for the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dimyr- 
istyl-3,3'-thioproplonate was used in the charge transporting layer, thereby obtaining an electrophotographic photo- 
conductor. 

[0380] Each of the photoconductors obtained in Examples 82-84 and 82a and Comparative Examples 47 and 48 
15 was incorporated In an image forming machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact 
type roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
development device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V in an ordinary environment (20°C, 50 % RH) until the fomiation of black spots by charge 
breakdown was observed. The Image quality in the initial stage and in the 200,000th print was evaluated and the 
20 occurrence of discharge breakdown was checked to give the results shown in Table 1 8. 



Table 18 



30 



Example 


Initial 
Image 


Charging breakdown 


Image of 
200,000th Print 


82 


A 


Not occurred in 
200,000th print 


A 


83 


A 


Occurred in 

160,000th print 




84 


A 


Occun'ed in 
170,000th print 




82a 


A 


Not occurred in 
200.000th print 


A* 


Comp.47 


D 


Occurred in 
80,000th print 




Comp.48 


D 


Occurred in 
100.000th print 





A*: Good up to 100.000 prints. But reduction of image density was observed in the 200,000th print. 



[0381] As will be appreciated from the results shown in Table 1 8, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 

45 

Example 85 

[0382] 150 Parts of an alkyd resin {Becko2ol 1307-60EL. made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

50 weight) were dissolved in 500 parts of methyl ethyl ketone, in which 20.0 parts of polyethyleneglycoi monocarboxylic 
acid ester (lonet MO-200 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution 
were added 600 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Kogyo Co., Ltd., non-surface treated 
product). The mixture was dispersed in a ball mill containing alumina balls for 24 hours to prepare a coating liquid for 
an undercoat layer. The coating liquid was then applied to an aluminum dmm having a diameter of 30 mm and a length 

55 of 340 mm and the coating was dried at 1 SO^'C for 20 minutes to fonm an undercoat layer having a thickness of 5.0 ^m 
thereon. 

[0383] 5 Parts of a butyral resin (S-LEC BMS, made by Sekisui Chemical Co., Ltd.) were dissolved In 150 parts of 
cyclohexanone, to which 15 parts of a charge generating material having a structure represented by the above fonnula 
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CG-1 were milled in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours 
after addition of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a 
solid content of 1 .0 % by weight was reached to obtain a coating liquid for fonning a charge generating layer. The. thus 
obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. The coating 

5 was dried at 1 20*C for 1 0 minutes to fonm a charge generating layer having a thickness of about 0.2 jxm. 

[0384] 80 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
2, 100 parts of a polycarbonate resin (Panlite TS2050, made by Teljin Chemicals, Ltd.), 0.4 part of 2,6-di-tert-butyl- 
4-methylphenol. 0.5 part of distearyl-3,3'4hiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for fonmlng a charge 

10 transporting layer. The resulting coating liquid was applied to the aluminum drum on which the undercoat layer and 
the charge generating layer had been fomned. The coating was dried at 135'C for 20 minutes to fomi a charge trans- 
porting layer having a thickness of about 28 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 86 

15 

[0385] Example 85 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 

photoconductor. 

20 Example 87 

[0386] Example 85 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

25 

Example 88 

[0387] Example 85 was repeated In the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the fonnation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 

30 photographic photoconductor. 

Example 89 

[0388] Example 85 was repeated in the same manner as described except that xylene was substituted for the tet- 
35 rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 90 

40 [0389] Example 85 was repeated In the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 91 

45 

[0390] Example 85 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1.8 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 92 

so 

[0391] Example 85 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 \um, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 49 

55 

[0392] Example 85 was repeated in the same manner as described except that the polyethyleneglycol monocarbox- 
yllc acid ester was not used at all, thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 50 

[0393] Example 85 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Comparative Example 51 

[0394] Example 85 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

Example B5a 

[0395] Example 85 was repeated in the same manner as described except that 2,6-di-tert-butyl-4-methylphenol was 
not used at all, thereby obtaining an electrophotographic photoconductor. 

Example 85b 

[0398] Example 71 was repeated in the same manner as described except that distearyl-3,3'-thiopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

Example 85c 

[0397] Example 85 was repeated in the same manner as described except that neither 2,6-di-tert-butyl-4-methyl- 
phenol nor distearyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 
[0398] Each of the photoconductors obtained in Examples 85-92, Comparative Examples 49-51 and Examples 85a- 
85c was incorporated in a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type corona 
charging device, a laser image exposing device, a reverse development device and a transfer device. Solid and halftone 
Images were repeatedly produced at a dark area potential of -800 V and a reverse development bias of -600V to obtain 
200,000 prints in three different conditions of (a) ordinary environment (20°C, 50 % relative humidity), low temperature 
and low humidity environment (12''C, 15 % relative humidity) and high temperature and high humidity environment 
(32'*C, 85 relative humidity). The results of the valuation of the initial image and the image of the 200,000th print are 
summarized In Table 1 9. 



Table 19 



Example 


Initial Image 


Image of 200,000th print 


20"'C 
/50%RH 


12'C 
/15%RH 


32''C 
/85%RH 


20«C 
/50%RH 


/15%RH 


32»C 
/85%RH 


85 


B1 


B1 


B1 


A 


A 


A 


86 


A 


A 


A 


81 


C1 


C1 


87 


A 


A 


A 


A 


83 


83 


88 


A 


A 


A 


A 


A 


A 


89 


A 


A 


A 


A 


A 


A 


90 


A 


A 


A 


A 


A 


A 


91 


A 


A 


A 


B2 


B2 


B2 


92 


A 


A 


A 


82 


82 


82 


Comp.49 


D 


D 


D 








Comp.50 


D 


D 


D 








Comp.51 


D 


D 


D 
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Table 1 9 (continued) 



Example 


Initial Innage 


Innage of 200,000th print 


20*'C 

/50%RH 


12'C 

/15%RH 


32«C 

/85%RH 


20*C 

/50%RH 


12«C 

/15%RH 


32''C 
/85%RH 


85a 


A 


A 


A 


A* 


A* 


A* 


85b 


A 


A 


A 


A* 


A* 


A* 


85c 


A 


A 


A 


A* 


A* 


A* 



A*: Good up to 100,000 prints. But reduction of image density was observed in the 200,000th print. 

[0399] As will be appreciated from tiie results shown in Table 19, the electrophotographic photoconductors according 
to the present invention gives under good Images for a long period of service without depending upon environments 
15 under which the images are fomied. 

Example 93 

[0400] 125 Parts of an alkyd resin (Becl<ozol 1307-60EL, made by Dalnlppon Ink & Chemicals, Inc.) and 125 parts 
20 of a melamine resin (Super Beci<amine G-821-60, made by Dalnlppon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 12.5 parts of polyethyienegtycol dk^arboxyiic acid 
ester (lonet DS-400 manufactured by Sanyo Chemical industries, Ltd.) were further dissolved. To the solution were 
added 570 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd.. non-surface treated product). 
The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat 
25 layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 min 
and the coating was dried at 1 35'*C for 20 minutes to fonm an undercoat layer having a thickness of 6.0 ^m thereon. 
[0401 ] 1 8 Parts of A-type titanylphthaiocyanin pigment were placed in a glass pot together with zirconia beads having 
a diameter of 2 mm. to which 350 parts of methyl ethyl ketone were further added. The mixture was then milled for 15 
hours. To the milled mixture, a solution obtained by dissolving 10 parts of a butyrai resin (S-LEC BX, made by Sekisui 
30 Chemical Co., Ltd.) in 600 parts of methyl ethyl ketone was added. The mixture was then milled for 2 hours to obtain 
a coating liquid for fomning a charge generating layer. The thus obtained coating liquid was applied to the aluminum 
drum on which the undercoat layer had been formed. The coating was dried at 70" C for 20 minutes to form a charge 
generating layer having a thickness of about 0.3 \xm. 

[0402] 90 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
35 3, ICQ parts of a polycariDonate resin (Panllte L-1250, made by Teijin Chemicals, Ltd.), 0,5 part of 2,6-di-tert-butyl- 
4-methoxylphenol, 1 part of dimethyl-3,3'-thlopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved in 300 parts of 1 ,3'dioxorane and 450 parts of tetrahydrofuran to obtain a coating 
liquid for forming a charge transporting layer The resulting coating liquid was applied to the aluminum drum ori which 
the undercoat layer and the charge generating layer had been fomried. The coating was dried at 135''C for 20 minutes 
40 to form a charge transporting layer having a thickness of about 31 ^m, thereby obtaining an electrophotographic pho- 
toconductor. 

Example 94 

45 [0403] Example 93 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor 

Example 95 

so [0404] Example 93 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 \ixr), thereby obtaining an electrophotographic photoconductor. 

Comparative Example 52 

55 [0405] Example 93 was repeated in the same manner as described except that the polyethyienegtycol dicarboxylic 
acid ester was not used at all, thereby obtaining an electrophotographic photoconductor 
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Comparative Example 53 

[0406] Example 93 was repeated in the same manner as described except that dichloromethane was substituted for 
the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fomnatlon of a coating liquid for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 54 

[0407] Example 93 was repeated in the same manner as described except that a mixed solvent composed of 200 
parts of methyl ethyl l<etone and 400 parts of dichloromethane was substituted for the solvent (methyl ethyl ketone) 
for the fonmation of a coating liquid for a charge generating layer, thereby obtaining an electrophotographic photocon- 
ductor. 

Example 93a 

[0408] Example 93 was repeated in the same manner as described except that 2,6-di-tert-butyl-4-methoxylphenol 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

Example 93b 

[0409] Example 93 was repeated in the same manner as described except that dimethyl-3,3'-thiopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

Example 93c 

[0410] Example 93 was repeated in the same manner as described except that neither 2,6-di-tert-butyl-4-methoxy- 
Iphenol nor dimethyl-3,3'-thlopropionate was used at all, thereby obtaining an electrophotographic photoconductor 
[041 1 ] Each of the photoconductors obtained in Examples 93-95, Comparative Examples 52-54 and Examples 93a- 

93c was incorporated in a digital copying machine (IIVIAGIO I\/1F2200 made by Ricoh Company, Ltd.) equipped with a 
contact type roll charging device, an exposing device, a reverse development device and a transfer device. Solid and 
halftone images were repeatedly produced at a dark area potential of -600 V and a reverse development bias of -400V 
in an ordinary environment (20''C, 50 % relative humidity) to obtain 300,000 copies. The results of the valuation of the 
initial image and the image of the 300,000th copy are summarized in Table 20. 



Table 20 



Example 


Initial Image 


Image of 300,000th copy 


20'»C/50%RH 


20*'C/50%RH 


93 


A 


A 


94 


A 


B2 


95 


A 


B2 


Comp.52 


D 




Comp.53 


D 




Comp,54 


D 




93a 


A 


A* 


93b 


A 


A* 


93c 


A 


A* 



A': Good up to 150,000th copy. But reduction of image density was observed In the 300,000th copy. 



[041 2] As will be appreciated from the results shown in Table 20, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service. 
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Example 96 

[0413] 125 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamlne resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 

5 weight) were dissolved in 500 parts of methyl ethyl ketone, in which 1 2.5 parts of polyethyteneglycol distearate (Nonion 
DS-60HN manufactured by Nippon Yushi Co., Ltd.) were further dissolved. To the solution were added 570 parts of a 
titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was 
dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the 

10 coating was dried at 1 36'C for 20 minutes to fonm an undercoat layer having a thickness of 6.0 jim thereon. 

[0414] 60 Parts of a charge generating material represented by the above fonnula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a polyvinylbutyral resin 
(S-LEC BL-1 , made by Sekisui Chemical Co., Ltd.) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge generating layer. 

15 The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at ^30'*C for 20 minutes to fomn a charge generating layer having a thickness of about 0.5 [im. 
[0415] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panlite L-2050, made by Teijin Chemicals, Ltd.), 0.1 part of 2,4-dimethyl-6-tertbutyl- 
phenol, 0.5 part of dimyristyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical 

20 Co., Ltd.) were dissolved in 200 parts of 1 ,3-dioxorane and 550 parts of tetrahydrofuran to obtain a coating liquid for 
fomriing a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the un- 
dercoat layer and the charge generating layer had been formed. The coating was dried at 135°C for 20 minutes to 
form a charge transporting layer having a thickness of about 29 ^m, thereby obtaining an electrophotographic photo- 
conductor. 

25 

Example 97 

[041 6] Example 96 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

30 

Example 98 

[0417] Example 96 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 

35 

Example 96a 

[041 8] Example 96 was repeated in the same manner as described except that neither 2,4-dimethyl-6-tertbutylphenol 
nor dimyristyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 

40 

Comparative Example 55 

[0419] Example 97 was repeated in the same manner as described except that the polyethyleneglycol distearate 
was not used for the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dimyristyl- 
45 3,3'-thiopropionate was used in the charge transporting layer, thereby obtaining an electrophotographic photoconduc- 
tor. 

Comparative Example 56 

50 [0420] Example 98 was repeated In the same manner as described except that the polyethyleneglycol distearate 
was not used for the formation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor dlmyrlstyl- 
3,3'-thiopropionate was used in the charge transporting layer, thereby obtaining an electrophotographic photoconduc- 
tor. 

[0421] Each of the photoconductors obtained in Examples 96-98 and 96a and Comparative Examples 55 and 56 
55 was incorporated in an image fomriing machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact 
type roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
development device and a transfer devtee. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V in an ordinary environment (20**C, 50 % RH) until the fomnation of black spots by charge 
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breakdown was observed. The image quality in the initial stage and in the 200,000th print was evaluated and the 
occurrence of discharge breakdown was checked to give the results shown in Table 21 . 



Table 21 



Example 


Initial Image 


Charging breakdown 


Image of 
200,000th Print 


96 


A 


Not occurred In 
200,000th print 


A 


97 


A 


Occurred in 
160,000th print 




98 


A 


Occurred In 
170,000th print 




96a 


A 


Not occurred in 
200,000th print 


A* 


Comp.55 


D 


Occurred in 
80,000th print 




Comp.56 


D 


Occurred in 
100,000th print 





A*: Good up to 100,000 prints. But reduction of image density was observed In the 200,000th print. 



[0422] As will be appreciated from the results shown In Table 21 , the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of sen/Ice and has good durability. 

Example 99 

[0423] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 100 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone. In which 6.0 parts of oxyethylene-oxypropylene copolymer 
(Newpole PE-88 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 
600 parts of a titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The 
mixture was dispersed in a ball mill containing alumina balls for 24 hours to prepare a coating liquid for an undercoat 
layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm 
and the coating was dried at ISO^C for 20 minutes to form an undercoat layer having a thickness of 5.0 fxm thereon. 
[0424] 5 Parts of a butyral resin (S-LEC BMS, made by Sekisui Chemical Co., Ltd.) were dissolved in 150 parts of 
cyciohexanone, to which 15 parts of a charge generating material having a structure represented by the above formula 
CG-1 were milled in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours 
after addition of 210 parts of cyciohexanone. The milled mixture was diluted with cyciohexanone with stirring until a 
solid content of 1 .0 % by weight was reached to obtain a coating liquid for fomriing a charge generating layer. The thus 
obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. The coating 
was dried at 120*^0 for 10 minutes to iorm a charge generating layer having a thickness of about 0.2 ^m. 
[0425] 80 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
2, 100 parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals, Ltd.), 0.4 part of 2,6-di-tert-butyl- 
4-methylphenol, 0.5 part of dlstearyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved In 770 parts of tetrahydrofuran to obtain a coating liquid for forming a charge 
transporting layer. The resulting coating liquid was applied to the aluminum drum on which the undercoat layer and 
the charge generating layer had been fonned. The coating was dried at 1 35°C for 20 minutes to fomn a charge trans- 
porting layer having a thickness of about 28 urn, thereby obtaining an electrophotographic photoconductor. 

Example 100 

[0426] Example 99 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Phamnaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 
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Example 101 

[0427] Example 99 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
60 manufactured by ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
5 photographic photoconductor. 

Example 102 

[0428] Example 99 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
10 the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 1 03 

15 [0429] Example 99 was repeated in the same manner as described except that xylene was substituted for the tet- 
rahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 1 04 

20 

[0430] Example 99 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

25 Example 1 05 

[0431] Example 99 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .8 ^.m, thereby obtaining an electrophotographic photoconductor. 

30 Example 1 06 

[0432] Example 99 was repeated in the same manner as described except that the thicicness of the charge trans- 
porting layer was reduced to 25 \im, thereby obtaining an electrophotographic photoconductor 

35 Comparative Example 67 

[0433] Example 99 was repeated in the same manner as described except that the oxyethylene-oxypropylene co- 
polymer was not used at all, thereby obtaining an electrophotographic photoconductor. 

40 Comparative Example 58 

[0434] Example 99 was repeated in the same manner as described except that dichloromethane was substituted for 
the tetrahydrofuran for the fomriation of a coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

45 

Comparative Example 59 

[0435] Example 99 was repeated in the same manner as described except that dichloromethane was substituted for 
the cyclohexanone as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
50 obtaining an electrophotographic photoconductor. 

Example 99a 

[0436] Example 99 was repeated in the same manner as described except that 2,6-di-tert-butyl-4-methylphenol was 
S5 not used at all, thereby obtaining an electrophotographic photoconductor. 
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Example 99b 

[0437] Example 99 was repeated in the same manner as described except that distearyl-3,3'-thlopropionate was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

5 

Example 99c 

[0438] Example 99 was repeated In the same manner as described except that neither 2,6'di-tert*butyl-4*methyl- 
phenol nor dlstearyl-3,3'-thiopropionate was used at all, thereby obtaining an electrophotographic photoconductor. 

10 [0439] Each of the photoconductors obtained in Examples 99-106, Comparative Examples 57-59 and Examples 
99a-99c was Incorporated in a laser printer (SP-90 made by Ricoh Company, Ltd.) equipped with a non-contact type 
corona charging device, a laser image exposing device, a reverse development device and a transfer device. Solid 
and halftone images were repeatedly produced at a dark area potential of -800 V and a reverse development bias of 
-eOOV to obtain 200,000 prints in three different conditions of (a) ordinary environment (20**C, 50 % relative humidity), 

15 low temperature and low humidity environment (12'C, 15 % relative humidity) and high temperature and high humidity 
environment (32°C, 85 relative humidity). The results of the valuation of the initial image and the image of the 200.000th 
print are summarized in Table 22. 



Table 22 



20 



25 



Example 


Initial Image 


Image of 200,000th print 


20«C 
/50%RH 


12<»C 
/15%RH 


32<>C 
/85%RH 


20»C 
/50%RH 


12''C 
/15%RH 


32*»C 
/85%RH 


99 


B1 


B1 


B1 


A 


A 


A 


100 


A 


A 


A 


81 


01 


CI 


101 


A 


A 


A 


A 


B3 


B3 


102 


A 


A 


A 


A 


A 


A 


103 


A 


A 


A 


A 


A 


A 


104 


A 


A 


A 


A 


A 


A 


105 


A 


A 


A 


B2 


B2 


82 


106 


A 


A 


A 


B2 


B2 


82 


Comp.57 


D 


D 


D 








Comp.58 


D 


D 


D 








Comp.59 


D 


D 


D 








99a 


A 


A 


A 


A* 


A* 


A* 


99b 


A 


A 


A 


A* 


A* 


A* 


99c 


A 


A 


A 


A* 


A* 


A* 



A*: Good up to 100.000 prints. But reduction of Image density was obsen^ed In the 200. 000th print. 

45 

[0440] As will be appreciated from the results shown in Table 1 9, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service without depending upon environments 
under which the images are fonned. 

Example 107 

[0441] 125 Parts of an alkyd resin (Beckozoi 1307-60EL, made by Dainippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 12.5 parts of poiyethyleneglycol dicarboxylic acid 
ester (Newpole PE-2700 manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution 

were added 570 parts of a titanium oxide powder (TA-300 made by Fuji Titanium Kogyo Co., Ltd., non-surface treated 
product). The mixture was dispersed in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for 
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an undercoat layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm and a length 
of 340 mm and the coating was dried at 1 SS'^C for 20 minutes to form an undercoat layer having a thickness of 6.0 ^m 
thereon. 

[0442] 1 8 Parts of A-type tltanylphthalocyanin pigment were placed in a glass pot together with zirconia beads having 
5 a diameter of 2 mm, to which 350 parts of methyl ethyl ketone were further added. The mixture was then milled for 1 5 
hours. To the milled mixture, a solution obtained by dissolving 1 0 parts of a butyral resin (S-LEC BX, made by Seklsui 
Chemical Co., Ltd.) in 600 parts of methyl ethyl ketone was added. The mixture was then milled for 2 hours to obtain 
a coating liquid for fomning a charge generating layer. The thus obtained coating liquid was applied to the aluminum 
drum on which the undercoat layer had been fomied. The coating was dried at 70*C for 20 minutes to fomri a charge 
10 generating layer having a thickness of about 0.3 ^m. 

[0443] 90 Parts of a charge transporting material having a structure represented by the above structural fomiula CT- 
3, 100 parts of a polycarbonate resin (Panlite L-1250, made by Teijin Chemicals, Ltd.), 0.5 part of 2,6-di-tert-butyl- 
4-methoxylphenol, 1 part of dimethyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu 
Chemical Co., Ltd.) were dissolved In 300 parts of 1 ,3-dioxorane and 450 parts of tetrahydrofuran to obtain a coating 
15 liquid for forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which 
the undercoat layer and the charge generating layer had been fomied. The coating was dried at 135^C for 20 minutes 
to fomn a charge transporting layer having a thickness of about 31 ^m, thereby obtaining an electrophotographic pho- 
toconductor. 

20 Example 108 

[0444] Example 1 07 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 

25 Example 109 

[0445] Example 1 07 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m, thereby obtaining an electrophotographic photoconductor. 

30 Comparative Example 60 

[0446] Example 1 07 was repeated in the same manner as described except that the oxyethylene-oxypropylene co- 
polymer was not used at all, thereby obtaining an eiectrophotographk: photoconductor. 

35 Comparative Example 61 

[0447] Example 1 07 was repeated in the same manner as described except that dichloromethane was substituted 
for the mixed solvent of 1 ,3-dioxorane and tetrahydrofuran for the fonnation of a coating liqu id for a charge transporting 
layer, thereby obtaining an electrophotographic photoconductor. 

40 

Comparative Example 62 

[0448] Example 1 07 was repeated in the same manner as described except that a mixed solvent composed of 200 
parts of methyl ethyl ketone and 400 parts of dichloromethane was substituted for the solvent (methyl ethyl ketone) 
45 for the formation of a coating liquid for a charge generating layer, thereby obtaining an electrophotographic photocon- 
ductor. 



so [0449] Example 1 07 was repeated in the same manner as described except that 2,6-di-tert-butyl-4-methoxylphenol 
was not used at all. thereby obtaining an electrophotographic photoconductor. 



55 [0450] Example 107 was repeated in the same manner as described except that dimethyl-3,3'-thiopropionatewas 
not used at all, thereby obtaining an electrophotographic photoconductor. 



Example 107a 



Example 107b 
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Example 107c 

[0451] Example 1 07 was repeated In the same manner as described except that neither 2,6-dl-tert-butyt-4-methox- 
yiphenol nor dimethyl-3,3'-thloproplonate was used at all, thereby obtaining an electrophotographic photoconductor. 
[0452] Each of the photoconductors obtained in Examples 107-109, Comparative Examples 60-62 and Examples 
107a-107c was incorporated in a digital copying machine (IMAGIO MF2200 made by Ricoh Company, Ltd.) equipped 
with a contact type roll charging device, an exposing device, a reverse development device and a transfer device. Solid 
and halftone images were repeatedly produced at a dark area potential of -600 V and a reverse development bias of 
-400V In an ordinary environment (20''C, 50 % relative humidity) to obtain 300,000 copies. The results of the valuation 
of the initial image and the image of the 300,000th copy are summarized in Table 23. 



Table 23 



Example 


Initial Image 


Image of 300,000th copy 


20°C/50%RH 


20'»C/50%RH 


107 


A 


A 


108 


A 


B2 


109 


A 


B2 


Comp.60 


D 




Comp.61 


D 




Comp.62 


D 




107a 


A 


A* 


107b 


A 


A* 


107c 


A 


A* 



A*: Good up to 150,000th copy. But reduction of Image density was observed In the 300,000th copy. 



[0453] As will be appreciated from the results shown in Table 23, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service. 

Example 110 

[0454] 125 Parts of an all^yd resin (Beckozol 1307-60EL, made by Dalnippon Ink & Chemicals, Inc.) and 125 parts 
of a melamine resin (Super Beckamine G-821-60, made by Dalnippon Ink & Chemicals, Inc., solid content: 60 % by 
weight) were dissolved in 500 parts of methyl ethyl ketone, in which 1 2.5 parts of polyethyleneglycol distearate (Pronon 
201 manufactured by Nippon Yushi Co. , Ltd.) were further dissolved. To the solution were added 570 parts of a titanium 
oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was dispersed 
in a ball mill containing alumina balls for 30 hours to prepare a coating liquid for an undercoat layer. The coating liquid 
was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the coating was dried 
at ISS'^C for 20 minutes to form an undercoat layer having a thickness of 6.0 jim thereon. 

[0455] 60 Parts of a charge generating material represented by the above formula CG-4 and 330 parts of methyl 
ethyl ketone were milled for 200 hours, to which a solution obtained by dissolving 10 parts of a polyvinylbutyral resin 
(S-LEC BL-1 , made by Sekisui Chemical Co., Ltd.) in 400 parts of methyl ethyl ketone and 1 ,850 parts of cyclohexanone 
was added. The mixture was then milled for 5 hours to obtain a coating liquid for forming a charge generating layer. 
The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had been formed. 
The coating was dried at 130°C for 20 minutes to form a charge generating layer having a thickness of about 0.5 ^m. 
[0456] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panlite L-2050, made by Teijin Chemicals, Ltd.), 0.1 part of 2,4-dimethyl-6-tertbutyl- 
phenol, 0.5 part of dimyristyl-3,3'-thiopropionate and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical 
Co., Ltd.) were dissolved in 200 parts of 1 ,3-dioxorane and 550 parts of tetrahydrofuran to obtain a coating liquid for 
forming a charge transporting layer. The resulting coating liquid was applied to the aluminum drum on which the un- 
dercoat layer and the charge generating layer had been formed. The coating was dried at 135°C for 20 minutes to 
form a charge transporting layer having a thickness of about 29 |im, thereby obtaining an electrophotographic photo- 
conductor. 
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Example 111 

[0457] Example 1 1 0 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2 ^m, thereby obtaining an electrophotographic photoconductor. 

5 

Example 112 

[0458] Example 1 1 0 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 \xm, thereby obtaining an electrophotographic photoconductor. 

10 

Example 110a 

[0459] Example 1 1 0 was repeated in the same manner as described except that neither 2, 4-dimethyl-6-tertbutylphe- 
nol nor dimyristyl-3,3'-thlopropionate was used at all, thereby obtaining an electrophotographic photoconductor 

15 

Comparative Example 63 

[0460] Example 1 1 1 was repeated in the same manner as described except that the oxyethylene-oxypropylene co- 
polymer was not used for the fonnation of the undercoat layer and that neither 2,4-dimethyl-6-tert-butylphenol nor 
20 dimyrlstyl-3,3'-thiopropionate was used in the charge transporting layer, thereby obtaining an electrophotographic pho- 
toconductor 

Comparative Example 64 

25 [0461 ] Example 1 1 2 was repeated in the same manner as described except that the oxyethylene-oxypropylene co- 
polymer was not used for the formation of the undercoat layer and that neither 2,4-dlmethyl-6-tert-butylphenol nor 
dimyristyl-3,3'-thioproplonate was used In the charge transporting layer, thereby obtaining an electrophotographic pho- 
toconductor 

[0462] Each of the photoconductors obtained in Examples 110-112 and 110a and Comparative Examples 63 and 64 
30 was incorporated in an image fomning machine (IPSiO NX720N made by Ricoh Company, Ltd.) equipped with a contact 
type roll charging device, an exposing device modified by changing the wavelength of the writing laser beam, a reverse 
development device and a transfer device. Images were produced at a dark area potential of -950 V and a reverse 
development bias of -600 V in an ordinary environment (20°C, 50 % RH) until the fonmatlon of black spots by charge 
breakdown was observed. The image quality in the initial stage and in the 200,000th print was evaluated and the 
35 occurrence of discharge breakdown was checked to give the results shown in Table 24. 



Table 24 



40 


Example 


Initial Image 


Charging breakdown 


Image of 
200,000th Print 


110 


A 


Not occurred in 
200.000th print 


A 




111 


A 


Occurred in 




45 






160,000th print 




112 


A 


Occurred in 
170,000th print 






110a 


A 


Not occurred in 


A* 


50 






200,000th print 






Comp.63 


D 


Occurred in 
BO.OOOth print 






Comp.64 


D 


Occurred in 




55 






100,000th print 





A*: Good up to 100,000 prints. But rsductton of image density was obsen^ed In the 200,000th print. 



[0463] As will be appreciated from the results shown in Table 24, the electrophotographic photoconductors according 
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to the present invention gives under good images for a long period of service and has good durability. 
Example 113 

5 [0464] 1 60 Parts of an alkyd resin (Beckollte M6401 -50, made by Dalnippon Ink & Chemicals, Inc., solid content: 50 
% by weight) and 90 parts of a melamine resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, 
Inc., solid content: 60 % by weight) were dissolved in a mixed solvent composed of 400 parts of methyl ethyl ketone 
and 100 parts of cyclohexanone, in which 13.0 parts of tetrabenzo-24-crown-8 ether were further dissolved. To the 
solution were added 600 parts of a titanium oxide powder (CR-EL made by Ishlhara Sangyo Co., Ltd., non-surface 

10 treated product). The mixture was dispersed in a ball mill containing alumina balls for 72 hours to prepare a coating 
liquid for an undercoat layer. The coating liquid was then applied to an aluminum drum having a diameter of 30 mm 
and a length of 340 mm and the coating was dried at 1 30^C for 20 minutes to fonm an undercoat layer having a thtokness 
of 5.0 ^m thereon. 

[0465] 5 Parts of a polybutyral resin (XYHL, made by Union Carbide Plastic Co., Ltd.) were dissolved In 150 parts 
15 of cyclohexanone. to which 13 parts of a charge generating material having a structure represented by the above 
formula CG-1 were added and milled in a ball mill containing alumina balls for 72 hours. The ball milling was further 
continued for 5 hours after addition of 21 0 parts of cyclohexanone. The milled mixture was diluted with the above mixed 
solvent with stirring until a solid content of 1 .0 % by weight was reached to obtain a coating liquid for fonning a charge 
generating layer. The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had 
20 been formed. The coating was dried at 1 20°C for 1 0 minutes to form a charge generating layer having a thickness of 
about 0.2 ^m. 

[0466] 75 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
3, 1 00 parts of a polycarbonate resin (Panlite TS2040, made by Teijin Chemicals, Ltd.), 0.6 part of 2,6-dl-tert-butylphe- 
nol, 0.7 part of o-thiocresol and 0.02 part of a silicone oil {KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved 
25 in 770 parts of tetrahydrofuran to obtain a coating liquid for forming a charge transporting layer. The resulting coating 
liquid was applied to the aluminum drum on which the undercoat layer and the charge generating layer had been 
formed. The coating was dried at 1 35''C for 25 minutes to form a charge transporting layer having a thickness of about 
28 [im, thereby obtaining an electrophotographic photoconductor. 

30 Example 114 

[0467] Example 1 1 3 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 

35 

Example 115 

[0468] Example 1 1 3 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
97 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an eiectro- 
40 photographic photoconductor. 

Example 116 

[0469] Example 113 was repeated In the same manner as described except that 1 ,3-dioxorane was substituted for 
"fs the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 117 

50 [0470] Example 113 was repeated in the same manner as described except that xylene was substituted for the 
tetrahydrofuran for the fomiation of the coating liquid for a charge transporting layer, thereby obtaining an electropho- 
tographic photoconductor. 

Example 118 

55 

[0471] Example 113 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 
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Example 119 

[0472] Example 1 1 3 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2.0 ^m, thereby obtaining an electrophotographic photoconducton 

Example 120 

[0473] Example 1 1 3 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 \xm, thereby obtaining an electrophotographic photoconducton 

Comparative Example 65 

[0474] Example 113 was repeated in the same manner as described except that tetrabenzo-24-crown-8 ether was 
not used at all, thereby obtaining an electrophotographk: photoconducton 

Comparative Example 66 

[0475] Example 113 was repeated in the same manner as described except that dichloromethane was substituted 
for the tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an elec- 
trophotographic photoconducton 

Comparative Example 67 

[0476] Example 113 was repeated in the same manner as described except that dichloromethane was substituted 
for the mixed solvent as a diluting solvent for the fonnation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconducton 

Example 113a 

[0477] Example 1 1 3 was repeated in the same manner as described except that 2,6-di-tert-butylphenol was not used 
at all, thereby obtaining an electrophotographic photoconducton 

Example 113b 

[0478] Example 113 was repeated in the same manner as described except that o-thiocresol was not used at all, 
thereby obtaining an electrophotographic photoconducton 

Example 113c 

[0479] Example 113 was repeated in the same manner as described except that neither 2,6-di-tert-butylphenol nor 
o-thiocresol was used at all, thereby obtaining an electrophotographic photoconducton 

[0480] Each of the photoconductors obtained in Examples 1 13-120 and 11 3a- 11 3c and Comparative Examples 65-67 
was incorporated in a laser printer (tPSiO NX700 made by Ricoh Company, Ltd.) having detachably mounted thereon 
a process cartridge including a photoconductor, a contact type roil charging device, a reverse development device and 
a cleaning blade. Images were repeatedly produced at a dark area potential of -700 V and a reverse development bias 
of -450 V in an ordinary environment (20^C, 50 % RH) to obtain 50,000 prints. The Image quality in the initial stage 
and in the 50,000th print was evaluated to give the results shown in Table 25. 



Table 25 



Example 


Initial Image 


Image of 
5.000th Print 


113 


A 


A 


114 


B1 


81 


115 


A 


A 


116 


A 


A 
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Table 25 (continued) 



Example 


Initial Innage 


Image of 
5 OOOth Print 


117 


A 


A 


118 


A 


A 


119 


A 


B2 


120 


A 


B2 


Comp.65 


D 




Comp.66 


D 




Comp.67 


D 




113a 


A 


B3 


113b 


A 


83 


113c 


A 


83 



[0481] As will be appreciated from the results shown in Table 25, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 

Example 121 

[0482] 1 60 Parts of an alkyd resin (Beckolrte M6401 -50. made by Dainlppon Ink & Chemicals, Inc., solid content: 50 
% by weight) and 90 parts of a melamine resin (Super Beckamine G-821-60. made by Dainippon Ink & Chemicals, 
Inc., solid content: 60 % by weight) were dissolved in a mixed solvent composed of 400 parts of methyl ethyl ketone 
and 100 parts of cyclohexanone, in which 10.0 parts of polypropylene monoalkyi ether (Newpole L1 145 manufactured 
by Sanyo Chemical industries, Ltd.) were further dissolved. To the solution were added 600 parts of a titanium oxide 
powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was dispersed In a ball 
mill containing alumina balls for 72 hours to prepare a coating liquid for an undercoat layer. The coating liquid was then 
applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the coating was dried at 130"C 
for 20 minutes to form an undercoat layer having a thickness of 5.0 p.m thereon. 

[0483] 5 Parts of a polybutyral resin (XYHL, made by Union Carbide Plastic Co., Ltd.) were dissolved in 150 parts 
of cyclohexanone, to which 13 parts of a charge generating material having a structure represented by the above 
formula CG-1 were added and milled In a ball mill containing alumina balls for 72 hours. The ball milling was further 
continued for 5 hours after addition of 21 0 parts of cyclohexanone. The milled mixture was diluted with the above mixed 
solvent with stirring until a solid content of 1 .0% by weight was reached to obtain a coating liquid for forming a charge 
generating layer The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had 
been formed. The coating was dried at 120'*C for 1 0 minutes to form a charge generating layer having a thickness of 
about 0.2 ^m. 

[0484] 75 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
3, 1 00 parts of a polycarbonate resin (Panlite TS2040, made by Teijin Chemicals, Ltd.), 0.6 part of 2,6-di-tert-butylphe- 
nol, 0.7 part of o-thiocresol and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved 
in 770 parts of tetrahydrofuran to obtain a coating liquid for fomiing a charge transporting layer. The resulting coating 
liquid was applied to the aluminum drum on which the undercoat layer and the charge generating layer had been 
f omried. The coating was dried at 1 35°C for 25 minutes to form a charge transporting layer having a thickness of about 
28 ^m, thereby obtaining an electrophotographic photoconductor 

Example 122 

[0485] Example 121 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
photoconductor. 
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Example 123 

[0486] Example 1 21 was repeated In the same manner as described except that alumina-treated titanium oxide (CR- 
97 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

Example 124 

[0487] Example 121 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 125 

[0488] Example 121 was repeated in the same manner as described except that xylene was substituted for the 
tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electropho- 
tographic photoconductor. 

Example 126 

[0489] Example 121 was repeated In the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 127 

[0490] Example 1 21 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2.0 p.m, thereby obtaining an electrophotographic photoconductor. 

Example 128 

[0491] Example 121 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 [im, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 68 

[0492] Example 121 was repeated In the same manner as described except that the polypropylene monoalkyi ether 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 69 

[0493] Example 121 was repeated in the same manner as described except that dichloromethane was substituted 
for the tetrahydrofuran for the fonmation of a coating liquid for a charge transporting layer, thereby obtaining an elec- 
trophotographic photoconductor. 

Comparative Example 70 

[0494] Example 121 was repeated in the same manner as described except that dichloromethane was substituted 
for the mixed solvent as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

Example 121a 

[0495] Example 1 21 was repeated in the same manner as described except that 2,6-di-tert-butylphenoi was not used 
at all, thereby obtaining an electrophotographic photoconductor. 
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Example 121b 

[0496] Example 121 was repeated In the same manner as described except that o-thiocresol was not used at all, 
thereby obtaining an electrophotographic photoconductor. 

Example 121c 

[0497] Example 121 was repeated in the same manner as described except that neither 2,6-di-tert-butylphenol nor 
o-thlocresol was used at all, thereby obtaining an electrophotographic photoconductor. 

[0498] Each of the photoconductors obtained in Examples 1 21 -1 28 and 1 21 a-1 21 c and Comparative Examples 68-70 
was Incorporated in a laser printer (IPSiO NX700 made by Ricoh Company, Ltd.) having detachably mounted thereon 
a process cartridge including a photoconductor, a contact type roll charging device, a reverse development device and 
a cleaning blade. Images were repeatedly produced at a dark area potential of -700 V and a reverse development bias 
of -450 V in an ordinary environment (20''C, 50 % HH) to obtain 50,000 prints. The image quality in the Initial stage 
and In the 50,000th print was evaluated to give the results shown in Table 26. 



Table 26 



Example 


Initial Image 


Image of 
5,000th Print 


121 


A 


A 


122 


B1 


B1 


123 


A 


A 


124 


A 


A 


135 


A 


A 


126 


A 


A 


127 


A 


B2 


128 


A 


82 


Comp.68 


D 




Comp.69 


D 




Comp.70 


D 




121a 


A 


83 


121b 


A 


83 


121c 


A 


83 



[0499] As will be appreciated from the results shown in Table 26, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service and has good durability. 

Example 129 

[0500] 1 60 Parts of an alkyd resin (Beckoiite M6401 -50, made by Dalnippon Ink & Chemicals, Inc., solid content: 50 
% by weight) and 90 parts of a melamine resin (Super Beckamine G-821-60, made by Dalnippon Ink & Chemicals, 
Inc., solid content: 60 % by weight) were dissolved in a mixed solvent composed of 400 parts of methyl ethyl ketone 
and 100 parts of cyclohexanone, in which 10.0 parts of polyethyteneglycol dicarboxylic acid ester {Santopal GE-70 
manufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 600 parts of a 
titanium oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd.. non-surface treated product). The mixture was 
dispersed in a ball mill containing alumina balls for 72 hours to prepare a coating liquid for an undercoat layer. The 
coating liquid was then applied to an aluminum dnjm having a diameter of 30 mm and a length of 340 mm and the 
coating was dried at 13C*'C for 20 minutes to form an undercoat layer having a thickness of 5.0 |im thereon. 
[0501] 5 Parts of a polybutyral resin (XYHL, made by Union Carbide Plastic Co., Ltd.) were dissolved in 150 parts 
of cyclohexanone. to which 1 3 parts of a charge generating material having a structure represented by the above 
formula CG-1 were added and milled in a bail mill containing alumina balls for 72 hours. The bail milling was further 
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continued for 5 hours after addition of 21 0 parts of cyclohexanone. The milled mixture was diluted with the above mixed 
solvent with stirring until a solid content of 1 .0 % by weight was reached to obtain a coating liquid for forming a charge 
generating layer, The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had 
been fonned. The coating was dried at 120°C for 10 minutes to form a charge generating layer having a thiclcness of 

5 about 0.2 M.m. 

[0502] 75 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
3, 100 parts of a polycarbonate resin {Panlite TS2040, made by Teijin Chemicals, Ltd.), 0.6 part of 2,6-di-tert-butylphe- 
nol, 0.7 part of o-thiocresol and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved 
in 770 parts of tetrahydrofuran to obtain a coating liquid for forming a charge transporting layer. The resulting coating 
10 liquid was applied to the aluminum drum on which the undercoat layer and the charge generating layer had been 
formed. The coating was dried at ^35°C for 25 minutes to fomn a charge transporting layer having a thickness of about 
28 ^m. thereby obtaining an electrophotographic photoconductor. 

Example 130 

15 

[0503] Example 129 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceuticat inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 

photoconductor. 

20 Example 131 

[0504] Example 1 29 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
97 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

25 

Example 1 32 

[0505] Example 129 was repeated in the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
30 photographic photoconductor. 

Example 133 

[0506] Example 129 was repeated in the same manner as described except that xylene was substituted for the 
35 tetrahydrofuran for the fonnation of the coating liquid for a charge transporting layer, thereby obtaining an electropho- 
tographic photoconductor. 

Example 134 

40 [0507] Example 129 was repeated In the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the formation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
graphic photoconductor. 

Example 135 

45 

[0508] Example 1 29 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 2.0 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 136 

50 

[0509] Example 1 29 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 jim, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 71 

55 

[0510] Example 129 was repeated in the same manner as described except that the polyethylene dicarboxylic acid 
ester was not used at all, thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 72 

[0511] Example 129 was repeated in the same manner as described except that dichioromethane was substituted 
for the tetrahydrofuran for the fomiation of a coating liquid for a charge transporting layer, thereby obtaining an elec- 
5 trophotographic photoconductor. 

Comparative Example 73 

[0512] Example 129 was repeated in the same manner as described except that dichioromethane was substituted 
10 for the mixed solvent as a diluting solvent for the formation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

Example 129a 

IS [051 3] Example 1 29 was repeated in the same manner as described except that 2,6-di-tert-butylphenol was not used 
at all, thereby obtaining an electrophotographic photoconductor 

Example 129b 

20 [0514] Example 129 was repeated in the same manner as described except that o-thlocresol was not used at all, 
thereby obtaining an electrophotographic photoconductor. 

Example 129c 

25 [051 5] Example 1 29 was repeated In the same manner as described except that neither 2,6-di-tert-butylphenol nor 
o-thlocresol was used at all, thereby obtaining an electrophotographic photoconductor. 

[051 6] Each of the photoconductors obtained in Examples 1 29-1 36 and 1 29a- 1 29c and Comparative Examples 71 -73 
was Incorporated in a laser printer (IPSIO NX700 made by Ricoh Company, Ltd.) having detachably mounted thereon 
a process cartridge Including a photoconductor, a contact type roll charging device, a reverse development device and 
30 a cleaning blade. Images were repeatedly produced at a dark area potential of -700 V and a reverse development bias 
of -450 V in an ordinary environment (20*C, 50 % RH) to obtain 50,000 prints. The Image quality In the Initial stage 
and In the 50,000th print was evaluated to give the results shown in Table 27. 



Table 27 



Example 


Initial Image 


Image of 
5,000th Print 


129 


A 


A 


130 


B1 


B1 


131 


A 


A 


132 


A 


A 


133 


A 


A 


134 


A 


A 


135 


A 


B2 


136 


A 


82 


Comp.71 


D 




Comp.72 


D 




Comp.73 


D 




129a 


A 


83 


129b 


A 


83 


129c 


A 


B3 
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[051 7] As will be appreciated from the results shown in Table 27, the electrophotographic photoconductors according 
to the present invention gives under good images for a long period of service and has good durability. 

Example 137 

5 

[0518] 160 Parts of an alkyd resin (Beckolrte M6401-50, made by Dainlppon Ink & Chemicals, Inc., solid content: 50 
% by weight) and 90 parts of a melamlne resin (Super Beckamine G-821-60, made by Dainippon Ink & Chemicals, 
Inc., solid content: 60 % by weight) were dissolved In a mixed solvent composed of 400 parts of methyl ethyl ketone 
and 100 parts of cyclohexanone, in which 20.0 parts of oxyethylene-oxypropylene copolymer (Newpoie PE-108 man- 

10 ufactured by Sanyo Chemical Industries, Ltd.) were further dissolved. To the solution were added 600 parts of a titanium 
oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd., non-surface treated product). The mixture was dispersed 
in a ball mill containing alumina balls for 72 hours to prepare a coating liquid for an undercoat layer. The coating liquid 
was then applied to an aluminum drum having a diameter of 30 mm and a length of 340 mm and the coating was dried 
at ^30''C for 20 minutes to form an undercoat layer having a thickness of 5.0 ^m thereon. 

IS [0519] 5 Parts of a polybutyral resin (XYHL, made by Union Carbide Plastic Co., Ltd.) were dissolved in 150 parts 
of cyclohexanone, to which 13 parts of a charge generating material having a structure represented by the above 
formula CG-1 were added and milled in a ball mill containing alumina balls for 72 hours. The ball milling was further 
continued for 5 hours after addition of 21 0 parts of cyclohexanone. The milled mixture was diluted with the above mixed 
solvent with stirring until a solid content of 1 .0 % by weight was reached to obtain a coating liquid for fomning a charge 

20 generating layer. The thus obtained coating liquid was applied to the aluminum drum on which the undercoat layer had 
been fomied. The coating was dried at 120''C for 10 minutes to form a charge generating layer having a thickness of 
about 0.2 \Lm. 

[0520] 75 Parts of a charge transporting material having a structure represented by the above structural formula CT- 
3, 100 parts of a polycarbonate resin (PanliteTS2040, made by Teijin Chemicals, Ltd.), 0.6 part of 2,6-di-tert-butylphe- 
25 nol, 0.7 part of o-thiocresol and 0.02 part of a silicone oil (KF-50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved 
in 770 parts of tetrahydrofuran to obtain a coating liquid for fomfiing a charge transporting layer. The resulting coating 
liquid was applied to the aluminum drum on which the undercoat layer and the charge generating layer had been 
formed. The coating was dried at 1 35°C for 25 minutes to fomn a charge transporting layer having a thickness of about 
28 ^m, thereby obtaining an electrophotographic photoconductor. 

30 

Example 138 

[0521 ] Example 1 37 was repeated in the same manner as described except that zinc sulfide powder (manufactured 
by Shimakyu Pharmaceutical Inc.) was substituted for the titanium oxide, thereby obtaining an electrophotographic 
35 photoconductor. 

Example 139 

[0522] Example 1 37 was repeated in the same manner as described except that alumina-treated titanium oxide (CR- 
40 97 manufactured by Ishihara Sangyo Co., Ltd.) was substituted for the titanium oxide, thereby obtaining an electro- 
photographic photoconductor. 

Example 140 

45 [0523] Example 137 was repeated In the same manner as described except that 1 ,3-dioxorane was substituted for 
the tetrahydrofuran for the formation of the coating liquid for a charge transporting layer, thereby obtaining an electro- 
photographic photoconductor. 

Example 141 

50 

[0524] Example 137 was repeated in the same manner as described except that xylene was substituted for the 
tetrahydrofuran for the fonnation of the coating liquid for a charge transporting layer, thereby obtaining an electropho- 
tographic photoconductor. 

55 Example 142 

[0525] Example 137 was repeated in the same manner as described except that toluene was substituted for the 
tetrahydrofuran for the fonnation of a coating liquid for a charge transporting layer, thereby obtaining an electrophoto- 
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graphic photoconductor. 
Example 143 

[0526] Example 1 37 was repeated In the same manner as described except that the thickness of the undercoat layer 
was reduced to 2.0 fim, thereby obtaining an electrophotographic photoconductor. 

Example 144 

[0527] Example 1 37 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 74 

[0528] Example 1 37 was repeated in the same manner as described except that the oxyethylene-oxypropylene co- 
polymer was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 75 

[0529] Example 137 was repeated In the same manner as described except that dichioromethane was substituted 
for the tetrahydrofuran for the fonnatlon of a coating liquid for a charge transporting layer, thereby obtaining an elec- 
trophotographic photoconductor. 

Comparative Example 76 

[0530] Example 137 was repeated in the same manner as described except that dichioromethane was substituted 
for the mixed solvent as a diluting solvent for the fonmation of a coating liquid for a charge generating layer, thereby 
obtaining an electrophotographic photoconductor. 

Example 137a 

[0531 ] Example 1 37 was repeated In the same manner as described exceptthat 2,6-di-tert-butylphenol was not used 
at all, thereby obtaining an electrophotographic photoconductor. 

Example 137b 

[0532] Example 137 was repeated in the same manner as described except that o-thiocresol was not used at all, 
thereby obtaining an electrophotographic photoconductor. 

Example 137c 

[0533] Example 137 was repeated in the same manner as described except that neither 2,6-di-tert-butylphenoi nor 
o-thiocresol was used at all, thereby obtaining an electrophotographic photoconductor. 

[0534] Each of the photoconductors obtained in Examples 1 37-1 44 and 1 37a-1 37c and Comparative Examples 74-76 
was Incorporated in a laser printer (iPSIO NX700 made by Ricoh Company, Ltd.) having detachably mounted thereon 
a process cartridge Including a photoconductor, a contact type roll charging device, a reverse development device and 
a cleaning blade. Images were repeatedly produced at a dark area potential of -700 V and a reverse development bias 
of -450 V in an ordinary environment (20*»C, 50 % RH) to obtain 50,000 prints. The image quality In the Initial stage 
and in the 50,000th print was evaluated to give the results shown In Table 28. 



Table 28 



Example 


initial Image 


Image of 
5.000th Print 


137 


A 


A 


138 


B1 


81 


139 


A 


A 
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Table 28 (continued) 



Example 


Initial Image 


Image of 
5,000th Print 


140 


A 


A 


141 


A 


A 


142 


A 


A 


143 


A 


B2 


144 


A 


B2 


Comp.74 


D 




Comp75 


D 




Comp.76 


D 




137a 


A 


B3 


137b 


A 


83 


138c 


A 


B3 



[0535] As will be appreciated from the results shown in Table 26, the electrophotographic photoconductors according 
to the present Invention gives under good images for a long period of service and has good durability. 

25 Example 145 

[0536] 150 Parts of an alkyd resin (Beckozol 1307-60EL, made by Dainippon Ink & Chemicals, Inc., solid content: 
60 % by weight) and 1 00 parts of a melamine resin (Super Beckamlne G-821 -60, made by Dainippon Ink & Chemicals, 
Inc., solid content: 60% by weight) were dissolved in 500 parts of methyl ethyl ketone, to which 450 parts of a titanium 
30 oxide powder (CR-EL made by Ishihara Sangyo Co., Ltd.) were added. The mixture was dispersed in a ball mill con- 
taining alumina balls for 36 hours to prepare a coating liquid for forming an undercoat layer. The coating liquid was 
then applied to an aluminum drum having a diameter of 30 mm and a length of 301 mm and the coating was dried at 
MO^'C for 20 minutes to iorm an undercoat layer having a thickness of 5.0 thereon. 

[0537] 5 Parts of a butyrai resin (S-LEC BMS, made by Seklsul Chemical Co., Ltd.) were dissolved in 150 parts of 
35 cyclohexanone, to which 30 parts of a charge generating material having a structure represented by the above formula 
(CG-1 ) were milled in a ball mill containing alumina balls for 72 hours. The ball milling was further continued for 5 hours 
after addition of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring until a 
solid content of 2.0% by weight was reached, In which 1 0.0 parts of 1 2-crown-4 ether were dissolved to obtain a coating 
liquid for fomnlng a charge generating layer. The thus obtained coating liquid was applied to the undercoat layer which 
40 had been formed on the aluminum drum. The coating was dried at 1 30''C for 20 minutes to form a charge generating 
layer having a thickness of about 0.2 \im. 

[0538] 80 Parts of a charge transporting material having a structure represented by the above formula (CT-3), 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals, Ltd.) and 0.02 parts of a silicone oil (KF- 
50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved In 770 parts of tetrahydrofuran to obtain a coating liquid for 
45 forming a charge transporting layer. The resulting coating liquid was applied to the charge generating layer fonned on 
the undercoat layer which in turn had been formed on the aluminum drum. The coating was dried at 135*'C for 20 
minutes to form a charge transporting layer having a thickness of about 28 ^.m, thereby obtaining an electrophotographic 
photoconductor. 

50 Example 146 

[0539] Example 1 45 was repeated In the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .8 \im, thereby obtaining an electrophotographic photoconductor 

55 Example 147 

[0540] Example 145 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 p.m, thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 77 

[0541] Example 145 was repeated in the same manner as described except that 12-crown-6 ether was not used at 
all, thereby obtaining an electrophotographic photoconductor. 

5 [0542] Each of the photoconductors obtained In Examples 1 45-1 47 and Comparative Example 77 was Incorporated 
in an image forming machine (RIFAX SL3300 made by Ricoh Company, Ltd.) equipped with a non-contact type corona 
charging device, a laser Image exposing device, a reverse development device and a transfer device. Images were 
repeatedly produced in a copying mode at a dark area potential of -750 V and an exposed are potential of -150 V to 
obtain 100,000 copies in three different conditions of (a) ordinary environment (20''C, 50% relative humidity), low tem- 

w perature and low humidity environment (10°C, 15% relative humidity) and high temperature and high humidity envi- 
ronment (30'*C, 90 % relative humidity). The dark area potential (VD) and exposed area potential (VL) after the pro- 
duction of 100,000 copies were measured. The results are summarized in Tables 29 to 31. 



Table 29 



20 



Example 


20''C/50%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


145 


-750 


-150 


-730 


-160 


146 


-750 


-160 


-710 


-160 


147 


-750 


-150 


-700 


-160 


Comp.77 


-750 


-150 


-730 


-220 



Table 30 



30 



35 



Example 


10'»C/15%RH 


Initial 


After 1 00,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


145 


-750 


-150 


-735 


-170 


146 


-750 


-150 


-715 


-165 


147 


-750 


-150 


-710 


-170 


Comp.77 


-750 


-150 


-730 


•245 



40 Table 31 



Example 


30»C/90%RH 


Initial 


After 100,000 copies 




VD(V) 


VL (V) 


VD (V) 


VL{V) 


145 


-750 


-150 


-720 


-155 


146 


-750 


-150 


-700 


-155 


147 


•750 


-150 


-695 


-155 


Comp.77 


-750 


-150 


-720 


-205 



Example 148 

[0543] 30 Parts of a methoxymethylated nylon fine resin (FR-301 , made by NamarilchI Co., Ltd., methoxymethylation 
rate: 20%) and 50 parts of a butylated melamlne resin, (Super Beckamine G-B21-60, made by Dalnippon Ink & Chem- 
icals, Inc., nonvolatile content: 60% by weight) were dissolved In a mixed solvent of 200 parts methanol, 50 parts of 
n-butanol, and 250 parts of methyl ethyl ketone, to which 240 parts of a titanium oxide powder (TA-300, made by Fuji 
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Titanium Industry Co., Ltd.) were added. The mixture was dispersed in a ball mill for 72 hours and mixed with 60.0 
parts of a methanol solution of maleic acid (solid content: 10% by weight) to prepare a coating liquid for forming an 
undercoat layer. The coating liquid then was applied to an aluminum drum having a diameter of 30 mm and a length 
of 340 mm and the coating was dried at 140°C for 20 minutes to form an undercoat layer having a thickness of 6.0 \m 
5 thereon, 

[0544] 22.0 Parts of a charge generating material having a structure represented by the above fomnula (CG-4) and 
10.0 parts of a x-type non-metallophthalocyanine pigment (TPA-891 , made by Toyo Ink Mfg. Co., Ltd.) and 330 parts 
of methyl ethyl ketone were milled in a ball mill for 168 hours, to which a resin liquid obtained by dissolving 12 parts 
of polyvinyl butyral (S-Lec BL-1 , made by Sekisui Chemical Co., Ltd.) in a mixture of 390 parts of methyl ethyl ketone 

10 and 1 680 parts of cyclohexanone were added. The resulting mixture was dispersed for 5 hours, in which 15.0 parts of 
tribenzo-l 8-crown-ether (made by made by Sanyo Chemical Industries, Ltd.) were dissolved to prepare a coating liquid 
for forming a charge generating layer. The thus obtained coating liquid was applied to the undercoat layer which had 
been formed on the aluminum drum. The coating was dried at 130°C for 20 minutes to form a charge generating layer 
having a thickness of about 0.3 ^m. 

15 [0545] 90 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panlite L1250, made by Teijin Chemicals Ltd.), 0.5 parts of 2,6-di-tert-butyl-4-methox- 
yphenol, 1 .0 part of dimethyl-3,3'-thlopropyonate, and 0.02 parts of a silicone oil (KF-50, made by Shin-Etsu Chemical 
Co., Ltd.) were dissolved In a mixture of 300 parts of 1 ,3-dioxolane and 450 parts of tetrahydrofuran to obtain a coating 
liquid for forming a charge transporting layer. The resulting coating liquid was applied to the charge generating layer 

20 formed on the undercoat layer which in turn had been fomned on the aluminum drum. The coating was dried at 1 30^*0 
for 20 minutes to form a charge transporting layer having a thickness of 31 (im, thereby obtaining an electrophotographic 
photoconductor 

Example 149 

25 

[0546] Example 1 48 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 150 

30 

[0547] Example 148 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m. thereby obtaining an electrophotography photoconductor. 

Comparative Example 78 

35 

[0548] Example 1 48 was repeated in the same manner as described except that tribenzo-1 8-crown-6-ether was not 
used at all, thereby obtaining an electrophotographic photoconductor. 

[0549] Each of the photoconductors obtained in Examples 1 48-1 50 and Comparative Example 78 was incorporated 
in a digital copying machine (Imaglo Neo 270, manufactured by Ricoh company, Ltd.), equipped with a contact charging 

40 device in the forni of a charging roller, image exposure device, a reverse developing device and a transfer device. 
Images were repeatedly produced at a dark area potential of -750 V and a reverse development bias of -400 V to 
obtain 300,000 copies In conditions of an ordinary environment (20''C, 50% relative humidity). The image densities of 
black solid parts having a diameter of 10 mm in Images at an initial stage and after making 300,000 copies were 
measured with a Macbeth densitometer to evaluate the decrease In image density. Also, non-Image parts of the copies 

<s at an initial stage and after making 300,000 copies were evaluated. The results are summarized in Tables 32 and 33. 



Table 32 



Example 


image density 


At Initial stage 


After making 
300.000 copies 


Decrease 


148 


1.40 


1.38 


0.02 


149 


1.40 


1.38 


0.02 


160 


1.40 


1.38 


0,02 


Comp. 78 


1.40 


1.05 


0,35 
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Table 33 



CXampie 


Non-image part 




At initial stage 


After making 300,000 copies 


148 


Good 


Good 


149 


Good 


Stained with fine black spots 
(Acceptable for practical use). 


150 


Good 


Stained with fine black spots 
(Acceptable for practical use). 


Comp.78 


Good 


Good 



,3 Example 151 

[0550] A photoconductor was obtained In the same manner as in Example 148 except that the charge generating 
layer and the charge transporting layer were fomned as follows. 

[0551] 1 6 Parts of a titanylphthalocyanine pigment were charged in a glass pot together with zirconia beads having 
20 a diameter of 2 mm and a solution of 1 8.0 parts of dicyclohexano-24-crown-8-cther in 350 parts of methyl ethyl ketone 
and milled for 1 5 hours. The ball milling was further continued for 2 hours after addition of a resin solution of 1 0 parts 
of a polyvinyl butyral resin (S-Lec BX-1, made by Seklsui Chemical Co., Ltd.) In 600 parts of methyl ethyl ketone to 
obtain a coating liquid for fomning a charge generating layer. 

[0552] The thus obtained coating liquid was applied to the undercoat layer which had been formed on the aluminum 
25 drum. The coating was dried at BO^'C for 20 minutes to fonm a charge generating layer having a thickness of about 0.5 

M-m. 

[0553] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panllte TS2050. made by Teljin Chemicals Ltd.), and 0.02 parts of a silicone oil (KF- 
50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in a mixture of 200 parts of 1 ,3-dioxolane and 550 parts of 
tetrahydrofuran to obtain a chatge transporting layer coating liquid. 

[0554] The resulting coating liquid was applied to the charge generating layer formed on the under coat layer which 
in turn had been formed on the aluminum dmm. The coating was dried at 135°C for 20 minutes to form a charge 
transporting layer having a thickness of 34 ^m. 

35 Example 152 

[0555] Example 151 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.0 p.m, thereby obtaining an electrophotographic photoconductor 

Example 153 

[0556] Example 151 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor. 

45 Comparative Example 79 

[0557] Example 1 52 was repeated in the same manner as described except that dicyclohexano-24-crown-8-ether 
was not used at all, thereby obtaining an electrophotographic photoconductor 

50 Comparative Example 80 

[0558] Example 153 was repeated in the same manner as described except that dlcyclohexano-24-crown-8-ether 
was not used at all, thereby obtaining an electrophotographic photoconductor. 

[0559] Each of the photoconductors obtained in Examples 151-153 and Comparative Example 79 and 80 was in- 
55 corporated in a digital copying machine (IMAGIO MF2200, manufactured by Ricoh company. Ltd.), equipped with a 
contact charging device in the fomi of a charging roller, image exposure device, a reverse developing device and a 
transfer device, images were repeatedly produced at a dark area potential of -900 V and a reverse development bias 
of -600 V to obtain 200.000 copies In conditions of an ordinary environment (20''C. 50% relative humidity). The number 
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of copies before black spots due to discharge breakdown took place was counted. Also, the Image densities of black 
solid parts having a diameter of 10 mm in images at an initial stage and after making 200,000 copies were measured 
with a Macbeth densitometer to evaluate the decrease in Image density. The results are summarized In Table 34. 



Table 34 



Example 


Number of copies produced before occurrence of discharge 
breakdown 


Decrease in image density 


151 


Not occurred. 


0.03 


152 


100K 


0.03 


153 


120K 


0.03 


Comp.79 


100K 


0.30 (Image density decreased.) 


Comp.80 


120K 


0.30 (Image density decreased.) 



10 



15 



Example 154 



20 



25 



30 



35 



40 



[0560] 150 Parts of an alkyd resin (Beckolite M6401-50, made by Dainippon Ink & Chemicals, Inc., solid content: 
50% by weight) and 1 00 parts of a melamine resin, (Super Beckamine G-821 -60, made by Dainippon Ink & Chemicals, 
Inc., solid content: 60% by weight) were dissolved in 500 parts of methyl ethyl ketone, to which 350 parts of a titanium 
oxide powder (CR-EL, made by Ishihara Sangyo Co., Ltd.), 80 parts of a titanium oxide powder (CR-67, made by 
Ishlhara Sangyo Co., Ltd.) were added. The mixture was dispersed in a ball mill containing alumina balls for 36 hours 
to prepare a coating liquid for forming an undercoat layer. The coating liquid was then applied to an aluminum drum 
having a diameter of 30 mm and a length of 340 mm and the coating was dried at 140*^0 for 20 minutes to fomn an 
undercoat layer having a thickness of 5.0 n.m thereon. 

[0561] 4 Parts of a polyvinyl butyral resin (S-Lec HL-S, made by Sekisui Chemical Co., Ltd.) were dissolved in 150 
parts of cyclohexanone, to which 8 parts of a charge generating material having a structure represented by the above 
formula (CG-4) were milled in a ball mill for 48 hours. The ball milling was further continued for 3 hours after addition 
of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone until a solid content of 1.5% by 
weight was reached, in which 5.0 parts of 1 8-crown-6-ether were dissolved to obtain a coating liquid for forming a 
charge generating layer. The thus obtained coating liquid was applied to the undercoat layer which had been formed 
on the aluminum drum. The coating was dried at 130°C for 20 minutes to fomn a charge generating layer having a 
thickness of 0.2 iim. 

[0562] 75 Parts of a charge transporting material having a structure represented by the above formula (CT-3), 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals Ltd.), and 0.02 parts of a silicone oil (KF- 
50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrofuran to obtain a coating liquid for 
forming a charge transporting layer The resulting coating liquid was applied to the charge generating layer formed on 
the undercoat layer which in turn had been formed on the aluminum drum. The coating was dried at 135*'C for 20 
minutes to form a charge transporting layer having a thickness of 29 ^m, thereby obtaining an electrophotographic 
photoconductor. 

[0563] Three more electrophotographic photoconductor were obtained in the same manner. The four electrophoto- 
graphic photoconductor were incorporated in an image fomiing apparatus shown in FIG. 3 (a belt of PVDF resin in 
which carbon black is dispersed was used as the intemiediate transfer member). After making 1 00,000 color copies, 
full color half tone images conresponding to 600 dpi and 1200 dpi were outputted and evaluated. 



Comparative Example 81 



so 



[0564] Example 154 was repeated in the same manner as described except that 1 8-crown-6-ether was not used at 
all, thereby obtaining electrophotographic photoconductors. The same evaluation as Example 154 was performed. 



Preparation Example of Elastic Belt: 



[0565] A cylindrical mold was immersed in a dispersion obtained by uniformly dispersing 18 parts of carbon black, 
55 3 parts of a dispersing gent and 400 parts of toluene in 1 00 parts of polyvlnylidene fluoride (PVDF) and gently drawn 
up at a rate of 1 0 mm/sec. This was dried at room temperature to obtain a unifonn PVDF film having a thickness of 75 
^m. The cylindrical mold on which the PVDF film having a thickness of 75 ^m had been formed was again immersed 
in the same dispersion and gently drawn up at a rate of 10 mm/sec. This was dried at room temperature to obtain a 
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PVDF film having a thickness of 150 p,m. The cylindrical mold on which the PVDF film having a thickness of 150 \im 
had been fonned was Immersed In a dispersion obtained by unifomnly dispersing 100 parts of a polyurethane prepol- 
ymer, 3 parts of a curing agent (isocyanate), 20 parts of carbon black, 3 parts of a dispersing agent and 500 parts of 
MEK and drawn up at 30 mnn/sec. After air-drying, the process was repeated, whereby a urethane polymer layer having 
5 a thickness of 1 50 jim was fonned. 

[0566] 1 00 Parts of a polyurethane prepolymer, 3 parts of a curing agent (isocyanate), 50 parts of PTFE fine particles. 
4 parts of a dispersing agent and 500 parts of MEK were unlfomily dispersed to prepare a coating liquid for forming a 
surface layer. 

[0567] The cylindrical mold on which the urethane prepoymer film having a thickness of 150 ^m had been formed 

10 was immersed in the surface layer coating liquid and drawn up at 30 mm/sec. After air-drying, the above process was 
repeated, thereby fonning a urethane polymer surface layer having a thickness of 5 p,m in which the PTFE fine particles 
were uniformly dispersed. After drying at room temperature, this was subjected to crosslinking for 2 hours at ISO^'C, 
thereby obtaining a transfer belt having a three- layer structure consisting of a resin layer; 150 p.m, an elastic layer; 150 
^m and a surface layer; 5 ^m. 

15 

Example 155 

[0568] The intermediate transfer belt in the Image fomning apparatus used In Example 154 was replaced by the 
above elastic belt, and the same evaluation as Example 154 was performed. 

20 

Comparative Example 82 

[0569] The intermediate transfer belt in the Image forming apparatus used in Comparative Example 81 was replaced 
by the above elastic belt, and the same evaluation was performed. 
25 [0570] The results are summarized In Table 35. 



Table 35 



Example 


600 dpi 

full color half tone 


1200 dpi 

full color half tone 


164 


There were small white voids (acceptable for 
practical use). 


There were small white voids (acceptable for 

practical use). 


Comp.81 


Color tone was changed from an initial image. 
There were white voids. 


Color tone was changed from an initial image. 
There were white voids. 


155 


Good. 


Good. 


Comp.82 


Color tone was changed from an Initial Image. 


Color tone was changed from an Initial image. 



Example 156 

40 

[0571] 150 Parts of an alkyd resin (Beckozol 1307-60EU made by Dalnlppon Ink & Chemicals, Inc., solid content: 
60% by weight) and 100 parts of a melamlne resin (Super Beckamlne G-821 -60, made by Dalnlppon Ink & Chemicals, 
Inc., solid content: 60% by weight) were dissolved In 500 parts of methyl ethyl ketone, to which 450 parts of a titanium 
oxide powder (CR-EL, made by Ishihara Sangyo Co., Ltd.) were added. The mixture was dispersed in a ball mill con- 
taining alumina balls for 36 hours to prepare a coating liquid for fomning an undercoat layer. The coating liquid was 
applied to an aluminum drum having a diameter of 30 mm and a length of 301 mm and the coating was dried at 140*C 
for 20 minutes to form an undercoat layer having a thickness of 5.0 jim thereon. 

[0572] 5 Parts of a butyral resin (S-Lec BMS, made by Seklsul Chemical Co., Ltd.) were dissolved In 150 parts of 
cyclohexanone, to which 25 parts of a charge generating material having a structure represented by the above formula 
(CG-1) were added. The mixture was dispersed in a ball mill for 72 hours. The ball milling was further continued for 5 
hours after addition of 210 parts of cyclohexanone. The milled mixture was diluted with cyclohexanone with stirring 
until a solid content of 2.0% by weight was reached, in which 5.0 parts of lonet DS-300 (made by Sanyo Chemical 
Industries, Ltd.) were dissolved to obtain a coating liquid for fomning a charge generating layer. The thus obtained 
coating liquid was applied to the undercoat layer which had been formed on the aluminum drum. The coating was dried 
at 130*C for 20 minutes to form a charge generating layer having a thickness of about 0.2 \xm. 
[0573] 80 Parts of a charge transporting material having a structure represented by the above formula (CT-3), 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals Ltd.), and 0.02 parts of a silicone oil (KF- 
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50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in 770 parts of tetrahydrpfuran to obtain a coating liquid for 
forming a charge transporting layer. The resulting coating liquid was applied to the charge generating layer formed on 
the undercoat layer which in turn had been fomned on the aluminum drum. The coating was dried at IdS^'C for 20 
minutes to form a charge transporting layer having a thickness of 28 ^m. Thereby, obtaining an electrophotographic 
s photoconductor. 

Example 157 

[0574] Example 1 56 was repeated in the same manner as described except that the thickness of the undercoat layer 
10 was reduced to 1 .8 ^.m, thereby obtaining an electrophotographic photoconductor. 

Example 158 

[0575] Example 156 was repeated in the same manner as described except that the thickness of the charge trans- 
15 porting layer was reduced to 25 p/n, thereby obtaining an electrophotography photoconductor 

Comparative Example 83 

[0576] Example 156 was repeated in the same manner as described except that lonet DS-300 (made by Sanyo 
20 Chemical Industries, Ltd.) was not used at ail, thereby obtaining an electrophotographic photoconductor 

[0577] The photoconductors obtained in Example 1 56-1 58 and Comparative Example 83 were evaluated In the same 
manner as in Example 145. The results are summarized In Tables 36 to 38. 



Table 36 



25 



30 



Example 


20°C/50%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL(V) 


156 


■750 


-150 


-730V 


-160V 


157 


-750 


-150 


-710V 


-160V 


158 


-750 


-150 


-700V 


-160V 


Comp.83 


-750 


-150 


-730V 


-230V 



35 



Table 37 



40 



45 



Example 


lO'^C/ISyoRH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


156 


-760 


-150 


-735V 


-170V 


157 


-750 


-150 


-715V 


-165V 


158 


-750 


-150 


-710V 


-170V 


Comp.83 


-750 


-150 


-730V 


-250V 



SO Table 38 



55 



Example 


30^C/90%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


156 


-750 


-150 


-720V 


-155V 


157 


-750 


-150 


-700V 


-155V 
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Table 38 (continued) 



Example 


30°C/90%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


158 


-760 


-150 


-695V 


-155V 


Comp.83 


-750 


-150 


-720V 


-210V 



10 

Example 159 

[0578] Example 148 was repeated in the same manner as described except that 6.0 parts of lonet MS-400 (made 
by Sanyo Chemical Industries, Ltd.) was used instead of 1 5.0 parts of 1 8-crown-6-ether, and the amounts of the material 
,5 having a structure represented by the above formula (CG-4) and the phthalocyanine pigment were changed to 24.0 
parts and 12.0 parts, respectively, thereby obtaining an electrophotographic photoconductor. 



Example 1 60 



20 [0579] Example 1 59 was repeated in the same manner as described except that the thiclcness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 



Example 161 



2s [0580] Example 159 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m. thereby obtaining an electrophotographic photoconductor. 



Comparative Example 84 



[0581] Example 159 was repeated in the same manner as described except that lonet MS-400 (made by Sanyo 
Chemical Industries, Ltd.) was not used at all, thereby obtaining an electrophotographic photoconductor. 
[0582] The photoconductors obtained in Example 1 59-1 61 and Comparative Example 84 were evaluated in the same 
manner as in Example 148. The results are summarized in Table 39 and 40. 



35 



40 



45 



SO 



55 



Table 39 



Example 


Image density 




At initial stage 


After making 300,000 copies 


Decrease 


159 


1.40 


1.37 


0.03 


160 


1.40 


1.38 


0.02 


161 


1.40 


1.37 


0.03 


Comp.84 


1.40 


1.05 


0.33 


Table 40 



Example 


Non-image part 


At initial stage 


After making 300,000 copies 


159 


Good 


Good 


160 


Good 


Stained with fine black dots (acceptable for practical use). 


161 


Good 


Stained with fine black dots (acceptable for practical use). 


Comp.84 


Good 


Good 
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Example 162 

[0583] An electrophotographic photoconductor was obtained in the sanne manner as in Example 1 59 except that the 

charge generating layer and the charge transporting layer were formed as follows. 
5 [0584] 18 Parts of a titanylphthalocyanine pigment is charged in a glass pot together with zirconia beads having a 

diameter of 2 mm and a solution of 5 parts of Nonlon DS-60HN (made by NOF Corporation) in 350 parts of methyl 

ethyl ketone and milled for 1 5 hours. The ball milling was further continued for 2 hours after addition of a resin solution 

of 1 0 parts of a polyvinyl butyral resin (S-Lec BX-1 . made by Sekisul Chemical Co., Ltd.) in 600 parts of methyl ethyl 

ketone to obtain a coating liquid for forming a charge generating layer. 
10 [0585] The thus obtained coating liquid was applied to the undercoat layer which had been formed on the aluminum 

drum. The coating was dried at SCC for 20 minutes to fomi a charge generating layer having a thickness of about 0.5 

\irT\. 

[0586] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals Ltd.), and 0.02 parts of a silicone oil (KF- 
15 50, made by Shin-Etsu Chemical Co., Ltd.) were dissolved in a mixture of 200 parts of 1 ,3-dioxolane and 550 parts of 
tetrahydrofuran to obtain a coating liquid for forming a charge transporting layer. 

[0587] The resulting coating liquid was applied to the charge generating layer formed on the under coat layer which 
in turn had been formed on the aluminum drum. The coating was dried at 135**C for 20 minutes to form a charge 
transporting layer having a thickness of 34 ^m. 

20 

Example 163 

[0588] Example 1 62 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.0 ^m, thereby obtaining an electrophotography photoconductor. 

25 

Example 164 

[0589] Example 1 62 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 

30 

Comparative Example 85 

[0590] Example 1 63 was repeated In the same manner as described except that Nonlon DS-60HN (made by NOF 
Corporation) was not used at all, thereby obtaining an electrophotographic photoconductor 

35 

Comparative Example 86 

[0591] Example 1 64 was repeated in the same manner as described except that Nonlon DS-60HN (made by NOF 

Corporation) was not used at all, thereby obtaining an electrophotographic photoconductor 
40 [0592] The photoconductors obtained in Example 1 62-1 64 and Comparative Examples 85 and 86 were evaluated 
In the same manner as in Example 1 51 . The results are summarized in Table 41 . 



Table 41 



Example 


Number of copies produced before occurrence of discharge 
breakdown 


Decrease in Image density 


162 


Not occurred. 


0.02 


163 


100K 


0.02 


164 


120K 


0.02 


Comp.85 


100K 


0.30 (Image density decreased.) 


Comp.86 


120K 


0.30 (Image density decreased.) 



Example 165 



[0593] Example 154 was repeated in the same manner as described except that 4.0 parts of lonet DS-300 (made 
by Sanyo Chemtoal Industries^ Ltd.) was used Instead of 5.0 parts of 1 8-crown-6-ether, thereby obtaining electropho- 
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tographic photoconductors. The same evaluation as Example 154 was perfomied. 
Comparative Example 87 

[0594] Example 165 was repeated In the same manner as described except that lonet DS-300 (made by Sanyo 
Chemical Industries, Ltd.) was not used at all, thereby obtaining electrophotographic photoconductors. The same eval- 
uation as Example 154 was performed. 

Example 166 

[0595] The intermediate transfer belt In the image fonning apparatus used in Example 165 was replaced by the 
above elastic belt, and the same evaluation as In Example 154 was perfomried. 

Comparative Example 88 

[0596] The intermediate transfer belt in the image fomning apparatus used in Comparative Example 87 was replaced 
by the above elastic belt, and the same evaluation as in Example 154 was performed. 
[0597] The results are summarized in Table 42. 



20 




Table 42 






Example 


600 dpi 
full color half tone 


1200 dpi 
full color half tone 


25 


165 


There were small white voids (acceptable for 
practical use). 


There were small white voids (acceptable for 
practical use). 




Comp.87 


Color tone was changed from an Initial image. 
There were white voids. 


Color tone was changed from an Initial image. 
There were white voids. 




166 


Good 


Good 


30 


Comp.88 


Color tone was changed from an Initial image. 
There were white voids. 


Color tone was changed from an initial image. 
There were white voids. 



35 



40 



45 



50 



55 



Example 167 

[0598] Example 1 56 was repeated in the same manner as described except that 1 2.0 parts of Emulmine 1 1 0 (made 
by Sanyo Chemical Industries, Ltd.) was used Instead of 5.0 parts of lonet DS-300, and the amount of the material 
having a structure represented by the above formula (CG-1) was changed to 20 parts, thereby obtaining an electro- 
photographic photoconductor 

Example 168 

[0599] Example 1 67 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 1 .8 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 169 

[0600] Example 1 67 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 ^m, thereby obtaining an electrophotographic photoconductor 

Comparative Example 89 

[0601] Example 167 was repeated in the same manner as described except that Emulmine 110 (made by Sanyo 
Chemical Industries Ltd.) was not used at all, thereby obtaining an electrophotographic photoconductor 
[0602] The photoconductors obtained In Example 1 67-1 69 and Comparative Example 89 were evaluated in the same 
manner as in Example 145. The results are summarized in Tables 43 to 45. 
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Table 43 



Example 


20»C/50%RH 


Initial 


After 1 00,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


167 


-750 


-150 


-730V 


-160V 


168 


-750 


-150 


-710V 


-160V 


169 


-750 


-150 


-700V 


-160V 


Comp.89 


-750 


-150 


-730V 


-250V 



15 Table 44 



Example 


10«C/15%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL(V) 


167 


-750 


-150 


-735V 


-170V 


168 


-750 


-150 


-715V 


-165V 


169 


-750 


-150 


-710V 


-170V 


Comp.89 


-760 


-150 


-730V 


-260V 



Table 45 



30 



35 



Example 


30"»C/90%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


167 


-750 


-150 


•720 


-155 


168 


-750 


-150 


•700 


-155 


169 


-750 


-150 


-695 


-155 


Comp.89 


-750 


-150 


-720 


-220 



Example 170 



[0603] Example 148 was repeated in the same manner as described except that 10.0 parts of Newpole LB400XY 
(made by Sanyo Chemical Industries, Ltd.) was used instead of 15.0 parts of 1 8-crown-6-ether, and the amounts of 
the material having a structure represented by the above formula (CG-4) and the phthalocyanine pigment were changed 
to 26.0 parts and 15.0 parts, respectively, thereby obtaining an electrophotographic photoconductor. 



Example 171 



[0604] Example 1 70 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3,5 ^im, thereby obtaining an electrophotographic photoconductor 

Example 172 

[0605] Example 1 70 was repeated In the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m, thereby obtaining an electrophotographic photoconductor. 
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Comparative Example 90 

[0606] Example 1 70 was repeated in the same manner as described except that Newpoie LB400XY (made by Sanyo 
Chemical Industries, Ltd.) was not used at all, thereby obtaining an electrophotographic photoconductor. 
5 [0607] The photoconductors obtained in Example 1 70-1 72 and Comparative Example 90 were evaluated In the same 
manner as in Example 148. The results are summarized in Tables 46 and 47. 



Table 46 



15 



Example 


Image density 


At Initial stage 


After making 
300,000 copies 


Decrease 


170 


1.40 


1.37 


0.02 


171 


1.40 


1.38 


0.02 


172 


1.40 


1.37 


0.03 


Comp.90 


1.40 


1.10 


0.30 



Table 47 



Example 


Non-image part 


At initial stage 


After making 300,000 copies 


170 


Good 


Good 


171 


Good 


Stained with fine black dots (acceptable for practical use). 


172 


Good 


Stained with fine black dots (acceptable for practical use). 


Comp.90 


Good 


Good 



Example 173 



[0608] An electrophotographic photoconductor was obtained in the same manner as in Example 170 except that the 
charge generating layer and the charge transporting layer were formed as follows. 

[0609] 20 Parts of a titanylphthalocyanine pigment is charged in a glass pot together with zirconia beads having a 
diameter of 2 mm and a solution of 20.0 parts of Persoft NK-60 (made by NOP Corporation) in 350 parts of methyl 

ethyl l<etone and milled for 15 hours. The ball milling was further continued for 2 hours after addition of a resin solution 
of 10 parts of a polyvinyl butyral resin (S-Lec BX-1 .made by Sekisul Chemical Co., Ltd.) in 600 parts of methyl ethyl 
ketone to obtain a coating liquid for forming a charge generating layer. 

[0610] The thus obtained coating liquid was applied to the undercoat layer which had been formed on the aluminum 
drum. The coating was dried at SO'^C for 20 minutes to fonm a charge generating layer having a thickness of about 0.5 
^m. 

[0611] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Pan lite TS2050, made by Teijin Chemicals Ltd.), and 0.02 parts of a silicone oil (kF-50, 
made by Shin-Etsu Chemical Co., Ltd.) were dissolved in a mixture of 200 parts of 1 ,3-djoxolane and 550 parts of 
tetrahydrofuran to obtain a coating liquid for fomriing a charge transporting layer 

[061 2] The resulting coating liquid was applied to the charge generating layer fomned on the under coat layer which 
in turn had been fomned on the aluminum drum. The coating was dries at ISS^'C for 20 minutes to fomri a charge 
transporting layer having a thickness of 34\m\. 

Example 1 74 



[061 3] Example 1 73 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.0 ^.m, thereby obtaining an electrophotographic photoconductor. 
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Example 175 



10 



15 



20 



25 



[061 4] Example 1 73 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 thereby obtaining an electrophotographic photoconductor. 

Comparative Example 91 

[0615] Example 174 was repeated in the same manner as described except that Persoft NK-60 (made by NOP 
Corporation) was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 92 

[0616] Example 175 was repeated in the same manner as described except that Persoft NK-60 (made by NOP 
Corporation) was not used at all, thereby obtaining an electrophotographic photoconductor. 
[0617] The photoconductors obtained in Example 173-175 and Comparative Examples 91 and 92 were evaluated 
in the same manner as In Example 151 . The results are summarized in Table 48. 

Table 48 



Example 


Number of copies produced before occurrence of discharge 

breakdown 


Decrease In 
image density 


173 


Not occurred. 


0.02 


174 


100K 


0.02 


175 


120K 


0.02 


Comp.91 


100K 


0.29 (Image density decreased.) 


Comp.92 


120K 


0.29 (Image density decreased.) 



30 



35 



40 



Example 1 76 

[0618] Example 154 was repeated in the same manner as described except that 5.0 parts of Octapole 100 (made 
by Sanyo Chemical Industries, Ltd.) was used instead of 5.0 parts of 1 8-crown-6-ether, thereby obtaining electropho- 
tographic photoconductors. The same evaluation as Example 154 was perfomfied. 

Comparative Example 93 

[0619] Example 176 was repeated in the same manner as described except that Octapole 100 (made by Sanyo 
Chemical Industries, Ltd.) was not used at all, thereby obtaining electrophotographic photoconductors. The same eval- 
uation as Example 154 was perfonned. 

Example 1 77 



45 



50 



55 



[0620] The intermediate transfer belt in the image fonning apparatus used In Example 176 was replaced by the 
above elastic belt, and the same evaluation as In Example 154 was performed. 

Comparative Example 94 

[0621] The intermediate transfer belt in the image forming apparatus used in Comparative Example 93 was replaced 
by the above elastic belt, and the same evaluation as In Example 154 was performed. 
[0622] The results are summarized in Table 49. 

Table 49 



Example 


600 dpi full color half tone 


1200 dpi full color half tone 


176 


There were small white voids (acceptable for 
practical use). 


There were small white voids (acceptable for 
practical use). 
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Table 49 (continued) 



Example 


600 dpi full color half tone 


1200 dpi full color half tone 


Comp.93 


Color tone was changed from an Initial image. 
There were white voids. 


Color tone was changed from an Initial Image. 
There were white voids. 


177 


Good 


Good 


Comp. 94 


Color tone was changed from an initial Image. 


Color tone was changed from an initial image. 



Example 178 



[0623] Example 1 56 was repeated In the same manner as described except that 5.0 parts of Newpole PE-B5 (made 
by Sanyo Chemical Industries, Ltd.) was used instead of 5.0 parts of ionet DS-300, and the amount of the material 
having a structure represented by the above formula (CG-1) was changed to 24 parts, thereby obtaining an electro- 
photographic photoconductor. 

Example 1 79 

[0624] Example 1 78 was repeated in the same manner as described except that the thiclcness of the undercoat layer 
was reduced to 1 .8 (im, thereby obtaining an electrophotographic photoconductor. 

Example 1 80 

[0625] Example 1 78 was repeated in the same manner as described except that the thiclcness of the charge trans- 
porting layer was reduced to 25 (im, thereby obtaining an electrophotographic photoconductor 

Comparative Example 95 

[0626] Example 1 78 was repeated in the same manner as described except that Newpole PE-85 (made by Sanyo 
Chemical industries, Ltd.) was not used at all, thereby obtaining an electrophotographic photoconductor. 
[0627] The photoconductors obtained in Example 1 78-1 80 and Comparative Example 95 were evaluated in the same 
manner as in Example 145. The results are summarized in Tables 50 to 52. 



Table 50 



Example 


20<'C/50%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


178 


-750 


-150 


-730V 


-160V 


179 


-750 


-150 


-710V 


-160V 


180 


-750 


-150 


-700V 


-160V 


Comp. 95 


-750 


-150 


-730V 


-230V 



Table 51 



Example 


10X/15%RH 


Initial 


After 100,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


178 


-750 


-150 


-735V 


-170V 


179 


-750 


-150 


-715V 


-165V 


180 


-750 


-150 


-710V 


-170V 


Comp.95 


-750 


-150 


-730V 


-250V 
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Table 52 



10 



Example 


SO'^C/goroRH 


Initial 


After 1 00,000 copies 




VD (V) 


VL (V) 


VD (V) 


VL (V) 


178 


-750 


-150 


-720 


-155 


179 


-750 


-150 


-700 


-165 


180 


-750 


-150 


-695 


-155 


Comp.95 


-750 


-150 


-720 


-210 



Example 181 

15 

[0628] Example 148 was repeated in the same manner as described except that 6.0 parts of Newpole PE-2700 
(made by Sanyo Chemical Industries, Ltd.) was used instead of 15.0 parts of 18-crown-6-ether, and the amounts of 
the material having a structure represented by the above formula (CG-4) was changed to 26.0 parts, thereby obtaining 
an electrophotographic photoconductor. 

20 

Example 1 82 



[0629] Example 181 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.5 ^m, thereby obtaining an electrophotographic photoconductor. 

25 

Example 1 83 



^ [0630] Example 1 81 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 26 ^m, thereby obtaining an electrophotography photoconductor 

30 

Comparative Example 96 

[0631] Example 1 81 was repeated in the same manner as described except that Newpole PE-2700 (made by Sanyo 
Chemical Industries, Ltd.) was not used at all, thereby obtaining an electrophotographic photoconductor. 
35 [0632] The photoconductors obtained in Example 1 81 -1 83 and Comparative Example 96 were evaluated in the same 
manner as In Example 148. The results are summarized in Tables 53 and 54. 



Table 53 



Example 


Image density 


At initial stage 


After making 
300,000 copies 


Decrease 


181 


1.40 


1.37 


0.03 


182 


1.40 


1.38 


0.02 


183 


1.40 


1.37 


0.03 


Comp.96 


1.40 


1.07 


0.33 



so 

Table 54 



Example 


Non-Image part 


At initial stage 


After making 300,000 copies) 


181 


Good 


Good 


182 


Good 


Stained with fine black dots (acceptable for practical use). 
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Table 54 (continued) 



Example 


Non-image part 


At initial stage 


After making 300,000 copies) 


183 


Good 


Stained with fine black dots (acceptable for practical use). 


Conip.96 


Good 


Good 



Example 184 

10 

[0633] An electroptiotographic photoconductor was obtained in the same manner as in Example 181 except that the 
charge generating layer and the charge transporting layer were formed as follows. 

[0634] 18 Parts of a titanylphthalocyanlne pigment is charged In a glass pot together with zirconia beads having a 
diameter of 2 mm and a solution of 24.0 parts of Pronon 204 (made by NOP Corporation) In 350 parts of methyl ethyl 
ketone and milled for 15 hours. The ball milling was further continued for 2 hours after addition of a resin solution of 8 
parts of a polyvinyl butyral resin (S-Lec BX-1 made by Sekisui Chemical Co., Ltd.) in 600 parts of methyl ethyl ketone 
to obtain a coating liquid for forming a charge generating layer. 

[0635] The thus obtained coating liquid was applied to the undercoat layer which had been formed on the aluminum 
drum. The coating was dried at SO^'C for 20 minutes to fonn a charge generating layer having a thickness of about 0.5 

20 

[0636] 70 Parts of a charge transporting material having a structure represented by the above formula (CT-2), 100 
parts of a polycarbonate resin (Panlite TS2050, made by Teijin Chemicals Ltd.), and 0.02 parts of a silicone oil KF-50 
(made by Shin-Etsu Chemical Co., Ltd.) were dissolved in a mixture of 200 parts of 1 ,3-dioxolane and 550 parts of 
tetrahydrofuran to obtain a coating liquid for fomrilng a charge transporting layer. 

[0637] The resulting coating liquid was applied to the charge generating layer formed on the under coat layer which 
In turn had been formed on the aluminum drum. The coating was dries at 135**C for 20 minutes to fonm a charge 
transporting layer having a thickness of 34 ^m. 

Example 1 85 

[0638] Example 1 84 was repeated in the same manner as described except that the thickness of the undercoat layer 
was reduced to 3.0 ^m, thereby obtaining an electrophotographic photoconductor. 

Example 1 86 

35 

[0639] Example 1 84 was repeated in the same manner as described except that the thickness of the charge trans- 
porting layer was reduced to 25 pjn, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 97 

40 

. [0640] Example 1 85 was repeated in the same manner as described except that Pronon 204 (made by NOP Corpo- 
ration) was not used at all, thereby obtaining an electrophotographic photoconductor. 

Comparative Example 98 

45 

[0641] Example 1 86 was repeated in the same manner as described except that Pronon 204 (made by NOP Corpo- 
ration) was not used at all, thereby obtaining an electrophotographic photoconductor. 

[0642] The photoconductors obtained in Example 184-186 and Comparative Examples 97 and 98 were evaluated 
in the same manner as in Example 151 . The results are summarized in Table 55. 

50 



Table 55 



Example 


Number of copies produced before occurrence of discharge 
breakdown 


Decrease In image density 


184 


Not occurred. 


0.02 


185 


100K 


0.02 
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Table 55 (continued) 



Example 


Number of copies produced before occurrence of discharge 
breakdown 


Decrease in image density 


186 


120K 


0.02 


Conrip.97. 


100K 


0.28 (Image density decreased.) 


Comp.98 


120K 


0.2B (Image density decreased.) 



Example 1B7 



[0643] Example 154 was repeated in the same manner as described except that 5.0 parts of Newpole PE-61 (made 
by Sanyo Chemical Industries. Ltd.) was used instead of 5.0 parts of 1 8-crown-6-ether, thereby obtaining electropho- 
tographic photoconductors. The same evaluation as Example 154 was perfomned. 

Comparative Example 99 

[0644] Example 187 was repeated in the same manner as described except that Newpole PE-61 (made by Sanyo 
Chemical Industries, Ltd.) was not used at all. thereby obtaining electrophotographic photoconductors. The same eval- 
uation as Example 154 was performed. 

Example 188 

[0645] The intermediate transfer belt in the image fomnlng apparatus used in Example 187 was replaced by the 
above elastic belt, and the same evaluation as in Example 154 was performed. 

Comparative Example 100 

[0646] The intermediate transfer belt in the Image forming apparatus used in Comparative Example 99 was replaced 
by the above elastic belt, and the same evaluation as in Example 154 was performed. 
[0647] The results are summarized in Table 56. 



Table 56 



Example 


600 dpi 
full color half tone 


1200 dpi 
full color half tone 


187 


There were small white voids (acceptable for 
practical use). 


There were small white voids (acceptable for 
practical use). 


Cpmp.99 


Color tone was changed from an Initial Image. 
There were white voids. 


Color tone was changed from an Initial image. 
There were white voids. 


188 


Good 


Good 


Comp.100 


Color tone was changed from an initial image. 


Color tone was changed from an initial image. 



[0648] The objective problems of the present invention will be summarized below. 

[0649] it is an object of the present invention to provide an electrophotographic photoconductor which has solved 
the above problems of the conventional techniques. 

[0650] Another object of the present invention is to provide an electrophotographic photoconductor which does not 
cause image density variations of solid images and half tone images. 

[0651] It is a further object of the present invention to provide an electrophotographic photoconductor which has long 
service life and which does cause image defects such as black spots and background stains attributed to discharge 
breakdown even when repeatedly used under various environments such as low temperature and low humidity con- 
ditions and high temperature and high humidity conditions. 

[0652] It is a further object of the present Invention to provide an Image forming apparatus, an image fomnlng process, 
a process cartridge and a method of producing a photoconductor. 

[0653] It is yet a further object of the present Invention to provide an electrophotographic photoconductor which does 
not have a decrease in sensitivity and an increase in residual potential and does not cause a decrease in image density 
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even when repeatedly used. 

[0654] It is a further object of the present invention to provide an image forming apparatus having a photoconductor 
which has no fluctuation in the potential of light-exposed parts even when repeatedly used in a reverse development 
system and thus capable of producing high quality Images with unifomi density and free from Image defects such as 

5 black spots due to discharge breakdown. 

[0655] It is a further object of the present invention to provide a color image forming apparatus having photoconduc- 
tors which have no fluctuation in the potential of light-exposed parts even when repeatedly used in a reverse develop- 
ment system and thus capable of producing high quality images with unlfomi density and free from color tone shift. 
[0656] It Is a further object of the present invention to provide an image fonning method using a photoconductor 

10 which has no fluctuation in the potential of light-exposed parts even when repeatedly used in a reverse development 
system and thus capable of producing high quality images with uniform density and free from image defects such as 
black spots due to discharge breakdown. 



f5 Claims 

1 . An electrophotographic photoconductor, comprising: 

an electrically conductive substrate, 
^0 an undercoat layer provided on said substrate, and 

a photoconductive layer provided on said undercoat layer, 

wherein said undercoat layer comprising a binder resin, an Inorganic filler, and at least one compound selected 
from the group consisting of crown ethers, polyalkyleneglycol ethers, polyethyleneglycol monocariaoxylic acid 
esters, polyethyleneglycol dicarboxylic acid esters, and hydroxy-tenninated random or block copolymers con- 
25 taining oxypropytene and oxyethylene groups, and 

wherein said photoconductive layer Is a dried coating of a composition containing at least one solvent selected 
from the group consisting of cyclic ethers, ketones and aromatic hydrocarbons. 

2. An electrophotographic photoconductor as claimed in claim 1 , wherein said photoconductive layer comprises at 
30 least one phenol compound and at least one organic sulfur compound. 

3. An electrophotographic photoconductor as claimed In claim 1 or 2, wherein said inorganic filler is titanium oxide. 

4. An electrophotographic photoconductor as claimed in claim 3, wherein said titanium oxide is surface-untreated 

35 titanium oxide powder. 

5. An electrophotographic photoconductor as claimed in any one of claims 1 -4, wherein said undercoat layer has a 
thickness of at least 5 nm. 

40 6. An electrophotographic photoconductor as claimed in any one of claims 1 -5, wherein said photoconductive layer 
has a thickness of at least 28 ^m. 

7. An electrophotographic photoconductor as claimed in any one of claims 1 -6, wherein said photoconductive layer 
comprises a charge generating layer containing a binder resin and a charge generating compound, and a charge 

45 transporting layer containing a binder resin and a charge transporting compound, each of said charge generating 

and charge transporting layers being a dried coating of a composition containing at least one solvent selected from 
the group consisting of cyclic ethers, ketones and aromatic hydrocarbons. 

8. An image fomiing apparatus comprising a photoconductor according to any one of claims 1 -7, a charging device 
50 for charging a surface of said photoconductor, an exposing device for exposing the charged surface to form an 

electrostatic latent Image, a developing device for reverse-developing the latent image with a toner, and a trans- 
ferring device for transferring the developed Image to a transfer sheet. 

9. An image fomiing apparatus as claimed in claim 8, wherein said charging device is a contact-type charger 

55 

10. An Image fomiing process comprising exposing a photoconductor according to any one of claims 1 -7 with light to 
form an electrostatic latent image thereon, reverse-developing said latent image with a toner, and transferring the 
developed image to a transfer sheet. 
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11. An Image forming process as claimed in claim 10, wherein said latent image has a dark area potential of greater 
than 600 V In absolute value. 

12. A process cartridge freely detachable from an image fomnlng apparatus, comprising a photoconductor according 
5 to any one of claims 1 -7, and at least one device selected from the group consisting of a charger, an Image exposing 

device, a developing device, an image transferring device, and a cleaning device. 

13. A method of producing a photoconductor, comprising: 

10 fomning, on an electrically conductive substrate, an undercoat layer comprising a binder resin, an inorganic 

filler, and at least one compound selected from the group consisting of crown ethers, polyalkyleneglycol ethers, 
polyethyleneglycol monocarisoxylic acid esters, polyethyleneglycol dicarboxylic acid esters, and hydroxy-ter- 
minated random or block copolymers containing oxypropylene and oxyethylene groups, 
applying to the undercoat layer a first coating liquid comprising a charge generating material and at least one 
solvent selected from the group consisting of cyclic ethers, ketones and aromatic hydrocarbons to form a 
charge generating layer, and 

applying to the charge generating layer a second coating liquid comprising a charge transporting material and 
at least one solvent selected from the group consisting of cyclic ethers, ketones and aromatic hydrocartsons 
to fonm a charge transporting layer. 

20 

14. A method as claimed in claim 13, wherein said second coating liquid additionally comprises at least one compound 
selected from the group consisting of phenol compounds and organic sulfur compounds. 

15. An electrophotographic photoconductor, comprising: 

25 

an electrteally conductive substrate, 

an undercoat layer provided on said substrate and comprising a binder resin, and an Inorganic filler, 
a charge generating layer provided on said undercoat layer and comprising a charge generating material, a 
binder resin, and at least one compound selected from the group consisting of crown ethers, polyalkyleneglycol 
30 ethers, polyethyleneglycol monocari^oxyllc acid esters, polyethyleneglycol dicarboxylic acid esters, and hy- 

droxytenninated random or block copolymers containing oxypropylene and oxyethylene groups, and 
a charge transporting layer provided on said charge generating layer and comprising a charge transporting 
material, and a binder resin. 

35 16. An electrophotographic photoconductor as claimed in claim 15, wherein said undercoat layer has a thickness of 
at least 5 p/n. 

17. An electrophotographic photoconductor as claimed in claim 15 or 16, wherein said transporting layer has a thick- 
ness of at least 28 [im. 

40 

18. An Image forming apparatus comprising a photoconductor according to any one of claims 1 5-1 7, a charging device 
for charging a surface of said photoconductor, an exposing device for exposing the charged surface to fomi an 
electrostatic latent image, a developing device for reverse-developing the latent image with a toner, and a trans- 
ferring device for transferring the developed image to a transfer sheet. 

45 

19. An image fomning apparatus as claimed in claim 18, wherein said charging device Is a contact-type charger. 

20. An image fonning process comprising exposing a photoconductor according to any one of claims 15-1 7 with light 
to form an electrostatic latent image thereon, reverse-developing said latent Image with a toner, and transferring 

so the developed image to a transfer sheet. 

21. An image fonning process as claimed in claim 20, wherein said latent image has a dari< area potential of greater 
than 600 V in absolute value. 

55 22. An image forming apparatus, comprising a plurality of electrophotographic photoconductors according to any one 
of claims 15-17, wherein single color toner images developed on said photoconductors are sequentially superim- 
posed to form a color image. 
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23. An image fomning apparatus as claimed in claim 1 8, further comprising an intermediate transfer member for re- 
ceiving single-color toner images from said photoconductor such that said toner images are sequentially super- 
Imposed thereon to fomn a color Image, said Intermediate transfer member being configured to secondarily transfer 
said color image onto the transfer sheet In one operation. 

24. An image fomning apparatus as claimed in Claim 23, wherein said intennedlate transfer member is a seamless 
belt having one or more layers all or part of which are made of an elastic material. 
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FIG. 1 
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FIG.3 
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FIG. 6 
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